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METHODS FOR CULTURINQ HCV IN EUKARYOTIC CEOS 

Technical Reld 

The Invention relates to in vitro cell systems for the replication of a virus; more specifically, it relates to 
cell lines in which an etiologic agent of non-A non-B hepatitis (NANBH). hepatitis C virus (HCV) will 
5 replicate. 
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Background 

Non-A, Non-8 hepatitis (NANBH) is a transmissible disease or family of diseases that are fc>elieved to be 
viraHnduced, and that are distinguishable from other fonms of viral-associated liver diseases. Including that 
caused by the known hepatitis viruses, i.e.. hepatitis A virus (HAV), hepatitis B virus (HBV). and delta 
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hepatitis virus (HDV). as well as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus 
(EBV). NANBH was first Identified in transfused individuals. Transmission from man to chimpanzee and 
serial passage in chimpanzees provided evidence that NANBH is due to a transmissible Infectious agent or 
agents. A viral agent HCV, has been Identified as an etiologic agent of NANBH. 

5 The demand for sensitive, specific methods for screening and identifying carriers of NANBV and 
NANBV contaminated blood or blood products is significant. Post-transfusion hepatitis (PTH) occurs in 
approximately 10% of transfused patients, and NANBH accounts for up to 90% of these cases. The major 
problem In this disease Is the frequent progression to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by biood and blood products or by 

10 close personal contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and 
antibodies related to NANBV. In addition, there is also a need for effective vaccines and immunotherapeutio 
therapeutic agents for the prevention and/or treatment of the disease. 

Tissue culture cells infected with an etiologic agent which causes NANBH would provide a source of 
viral polypeptides which could be used for immunoassays and/or for vaccines. In addition, they could be 

IS useful in drug screening programs in the development of antiviral agents for ti^ating the disease. 

Immortalized human or non-human primate cell lines which are derived from liver, and are purportedly 
infected with an etiologic agent causltive of NANBH have been reported in WO/87/05930, filed 1 April 1987. 
and published 8 October 1987. These cell lines are reportedly non-lymphocytic in nature. In addition, it has 
not been established that the agent which replicates In these ceils is causltive of the disease. 

20 It has also been reported that a preparation of mononuclear leui(ocytes. which purportedly were mainly 
lymphocytes, isolated from a patient with NANBH, caused NANB when infused into a susceptible 
chimpanzee. Hellings et al. (1985). However, proof of NANBH Infection was indirect, in that it rested 
primarily on morphological and histological changes in the purportedly infected chimpanzee. Moreover, only 
one of the two chimpanzees receiving the blood cells was purportedly infected. 

25 

Disclosure of tfie Invention 

The present invention is directed to ceils tiiat may be used to propagate HCV in culture. The present 
30 invention is also directed to viral antigens produced by such cultures, and use such antigens, for example, 
in diagnostics. 

Accordingly, one aspect of the invention is a cell line infected with HCV. 

Another aspect of the Invention is a composition for tiie detection of an anti-HGV antibody comprised of 
an antigen from an in vitro cell infected witii HCV. wherein the antigen is affixed to a solid substrate, 
35 wherein the antigen is Immunologically reactive with said anti-HCV antibody. 

Yet anotiier aspect of the invention Is an immunoassay for detecting antibodies directed against an HCV 
antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies witii an HCV antigen produced by 
an in vitro cell line, under conditions which allow tiie fonnation of an antibody-antigen complex; and 
40 (b) detecting the antibody-antigen complex containing the HCV antigen. 

Another aspect of the invention is a method for screening for an agent which inhibits HCV 
Still another aspect of the Invention Is a method for proliferating virus comprising growing in culture 
HCV infected cells. 

45 

Brief Description of the Drawings 

Rgure 1 shows a composite sequence of tiie HCV cDNA sense strand derived from HCV strain HCV1. 
Rgure 2 shows the nucleotide sequence of HCV cDNA clone 35, and tiie amino acids encoded therein. 

50 

Modes for Carrying Out the Invention 



I. Definitions 

55 

The term "hepatitis C virus" has been reserved by workers in tiie field for an heretofore unknown 
etiologic agent of NANBH. Accordingly, as used herein, "hepatitis C virus" (HCV) refers to an agent 
causative of NANBH, which was fomnerly referred to as NANBV and/or BB-NANBV. The terms HCV, 
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NANBV. and BB-NANBV are used Interchangeably herein. As an extension of this terminology, the disease 
caused by HCV. formerly called NANB hepatitis (NANBH). is called hepatitis C. The terms NANBH and 
hepatitis C may be used interchangeably herein. 

The term "HCV", as used herein, denotes a viral species of which pathogenic strains cause NANBH, 
6 and attenuated strains or defective interfering particles derived tfierefrom. The HCV genome is comprised of 
RNA. It is known tiiat RNA containing viruses have relatively high rates of spontaneous mutation. I.e.. 
reportedly on tfie order of 10-3 to 10"* per incorporated nucleotide (Relds & Knipe (1986)). Therefore! 
ttiere can be multiple strains, which may be virulent or avirulent witfiin ttie HCV species. It is believed tfiat 
HCV is a Ravi-like virus. The morphology and composition of Flavh^irus particles are known, and are 

10 discussed In Brinton (1986). Generally, wltti respect to morphology. Ravlviruses contain a central 
nucleocapsid sunrounded by a lipid bllayer. Virions are spherical and have a diameter of about 40-50 nm. 
Their cores are about 25-30 nm in diameter. Along the outer surface of ttie virion envetope are projections 
tiiat are about 5-10 nm long witfi tenminal knobs about 2 nm in diameter. 

cDNAS to the genome of a strain of HCV. denoted HCV1. are described in U.S.S.N. 355.002 (Attorney 

75 Docket 2300-0063.28). filed May 18, 1989. which Is commonly owned by ttie herein assignee, and which is 
In Its entirety Incorporated herein by reference. See also EPO Publication No. 0 318 216 and PCT App. No. 
US88/04125. which are also incorporated herein by reference, A composite sequence of tiie HCV cDNA 
sense strand is shown in Rgure 1. Different strains or isolates of HCV are expected to contain variations at 
the amino add and nucleic acids levels compared witii HCV1. Many Isolates are expected to show much 

20 (i.e., more tiian about 40%) homology in ttie total amino acid sequence compared witii HCV1. However, it 
may also be found tiiat ottier less homologous HCV isolates would be defined as HCV strains according to 
various criteria such as an ORF encoding a polyprotein similar in size to that of HCV1, an encoded 
polyprotein of similar hydrophobic and antigenic character to tiiat of HCV1. and ttie presence of co-linear 
peptide sequences ttiat are conserved witii HCV1 . 

25 HCV encodes at least one epitope which Is immunologically identifiable wltti an epitope encoded in ttie 
HCV1 genome. The epitope is unique to HCV when compared to ottier known Ravivimses. The uniqueness 
of ttie epitope may be determined by its immunological reactivity witii anti-HCV antibodies and lack of 
immunological reactivity witti antibodies to other Ravlvlrus species. Mettiods for determining Immunological 
reactivity are known in ttie art. for example, by radioimmunoassay, by EUSA assay, and by hemag- 

30 glutination. Examples of suitable techniques for detemnining immunological reactivity of HCV epitopes are 
described in U.S.S.N. 07/341.334. which Is commonly owned by ttie herein assignee, in Choo et al (1989) 
andinKuoetal. (1989). 

In addition to ttie above, ttie following parameters of nucleic acid homology and amino acid homology 
are applicable, eltfier alone or in combination, in identifying a strain or isolate as HCV. Since HCV strains 

35 and Isolates are evolutionarily related, it is expected ttiat tfie overall homology of ttie genomes at the 
nucleotide level probably will be about 40% or greater, prob ably about 60% or greater, and even more 
probably about 80% or greater; and in addition ttiat ttiere will be conresponding contiguous sequences of at 
least about 13 nucleotides. The conrespondence between ttie putative HCV strain genomic sequence and 
ttie HCV1 cDNA sequence can be determined by techniques known in ttie art. For example, ttiey can be 

40 determined by a direct comparison of ttie sequence infomnation of ttie polynucleotide from ttie putative 
HCV. and ttie HCV cDNA sequence(s) described herein. For example, also, ttiey can be determined by 
hybridization of tfie polynucleotides under conditions which fomn stable duplexes between homologous 
regions (for example, ttiose which would be used prior to Si digestion), followed by digestion witti single 
stranded specific nuclease(s). followed by size determination of the digested fragments. 

45 Because of ttie evolutionary relationship of ttie strains or isolates of HCV. putative HCV strains or 
isolates are identifiable by ttieir homology at ttie polypeptide level. Generally, HCV strains or isolates are 
expected to be more tfian about 40% homologous, probably more ttian about 70% homologous, and even 
more probably more ttian about 80% homologous, and some may even be more ttian about 90% 
homologous at ttie polypeptide level. The techniques for detemnining amino acid sequence homology are 

so known in ttie art. For example, the amino acid sequence may be detennined directiy and compared to the 
sequences provided herein. Alternatively tfie nucleotide sequence of tfie genomic material of the putative 
HCV may be determined (usually via a cDNA Intermediate), the amino acid sequence encoded tfierein can 
be detenmined, and tfie con-espondlng regions compared. 

As used herein, a polynucleotide "derived from" a designated polynucleotide sequence refers to a 

65 polynucleotide sequence which is comprised of a sequence of approximately at least about 6 nucleotides, 
preferably at least about 8 nucleotides, more preferably at least about 10-12 nucleotides, and even more 
preferably at least about 15-20 nucleotides con-esponding to a region of tfie designated nucleotide 
sequence. "Corresponding" means homologous to or complementary to tiie designated sequence. Prefer- 
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ably, tha sequence of the region from which the polynucleotide is derived is homologous to or complemen- 
tary to a sequence which is unique to an HCV genome. Whether or not a sequence is unique to the HCV 
genome can be determined by techniques known to those of skill in the art For example, the sequence can 
be compared to sequences in databanks. e.g.. Genebank, to determine whether it is present in the 
5 uninfected host or other organisms. The sequence can also be compared to the known sequences of other 
viral agents, including those which are known to induce hepatitis. e.g., HAV. HBV. and HDV. and to other 
members of the Ravfviridae. The correspondence or non-correspondence of the derived sequence to other 
sequences can also be determined by hybridization under the appropriate stringency conditions. IHybridiza* 
tion techniques for detemnining the complementarity of nucleic add sequences are known in the art. and 

10 are discussed fnfra. See also, for example. Maniatis et al. (1982). In addition, mismatches of duplex 
polynucleotides formed by hybridization can be determined by known techniques, including for example, 
digestion witii a nuclease such as S1 tiiat specifically digests single-stranded areas in duplex poly- 
nucleotides. Regions from which typical DNA sequences may be "derived" include but are not limited to, 
for example, regions encoding specific epitopes, as well as non-transcribed and/or non-translated regions. 

75 The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, 
but may be generated in any manner, including for example, chemical synthesis or DNA replication or 
reverse transcription or transcription. In addition, combinations of regions corresponding to tiiiat of the 
designated sequence may be modified in ways known in tiie art to be consistent witii an intended use. 
The term "polynucleotide" as used herein refers to a polymeric fonrt of nucleotides of any length, either 

20 ribonucleotides or deoxyribonucleotides. This term refers only to ttie primary structure of the molecule. 
Thus, tiiis tenm includes double- and single-stranded DNA, as well as double- and single stranded RNA. It 
also includes modified, for example, metiiylation capping and/or by other modifications known in tiie art, 
including tiie substitution of an analog for one or more of the naturally occurring nucleotide bases, as well 
as unmodified forms of tiie polynucleotide. 

25 The term "purified viral polynucleotide" refers to a viral genome or fragment thereof which is essentially 
free. i.e., contains less than about 50%, preferably less tiian about 70%, and even more preferably less 
tiian about 90% of polypeptides with which the viral polynucleotide is naturally associated. Techniques for 
purifying viral polynucleotides from viral particles are known in the art. and include for example, disruption 
of the particle with a chaotropic agent, differential extraction and separation of the polynucl60tide(s) and 

30 polypeptides by ion-exchange chromatography, affinity chromatography, and sedimentation according to 
density. 

An "open reading frame" (ORF) Is a region of a polynucleotide sequence which encodes a polypeptide; 
this region may represent a portion of a coding sequence or a total coding sequence. 

A "coding sequence" is a polynucleotide sequence which is transcribed into mRNA and/or translated 
35 into a polypeptide when placed under tiie control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a translation start codon at tiie 5 -terminus and a translation stop 
codon at tiie 3'-terminus. A coding sequence can include, but is not limited to mRNA. cDNA. and 
recombinant polynucleotide sequences. 

"Immunologically identifiable witii/as" refers to the presence of epitope(s) and polypeptides(s) which are 
40 also present in ttie designated polypeptide(s), usually HCV proteins. Immunological identity may be 
determined by antibody binding and/or competition in binding: tiiese techniques are known to those of 
average skill in the art. and are also illusti'ated fnfra. 

As used herein, "epitope" refers to an antigenic detemiinant of a polypeptide; an epitope could 
comprise 3 or more amino acids in a spatial conformation which is unique to the epitope. Generally an 
45 epitope consists of at least 5 such amino acids, and more usually, consists of at least 8-10 such amino 
acids. Methods of determining the spatial conformation of amino acids are known in tfie art, and include, for 
example. X-ray crystallography and 2-dimensional nuclear magnetic resonance. 

A polypeptide is "immunologically reactive" with an antibody when it binds to an antibody due to 
antibody recognition of a specific epitope contained within the polypeptide. Immunological reactivity may be 
50 detenmined by antibody binding, more particularly by tiie kinetics of antibody binding, and/or by competition 
in binding using as competitor(s) a known polypeptide(s) containing an epitope against which the antibody 
is directed. The techniques for detemnining whether a polypeptide is immunologically reactive with an 
antibody are known in the art. 

As used herein, tiie temn "immunogenic polypeptide" refers to a polypeptide tiiat elicits a cellular and 
55 or humoral response, whetiier alone or when linked to a canier in ttie presence or absence of an adjuvant 

The term "polypeptide" refers to a polymer of amino acids and does not refer to a specific length of the 
product; tiius. peptides, oligopeptides, and proteins are included witiiin the definition of polypeptide. This 
term also does not refer to or exclude post-expression modifications of tiie polypeptide, for example. 
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glycosylations, acetylations, phosphorylations and the like. 

An "IndMdual", as used herein, refers to vertebrates, particularly members of the mammalian species, 
and includes but is not limited to domestic animals, sports animals, and primates. Including humans. 

As used herein, the "sense strand" or "plus strand" of a nucleic acid contains the sequence that has 
6 sequence homology to that of mRNA. The "antisense strand" or "minus strand" contains a sequence which 
Is complementary to that of the "sense strand" or "plus strand". 

As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or 
DNA. is single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA 
viruses Include Togavirtdae, Coronaviridae. Retroviridae. Picomaviridae, and Calidviridae. Included also, are 
10 the Raviviridae. which were fomnerly classified as Togaviradae. See Relds a Knipe (1986). 

As used herein, a "replicative intermediate" of an HCV genome refers to an RNA strand or fragment 
thereof, which is complementary to the viral genome, and which Is synthesized during the course of viral 
replication; the replicative intermediate functions as a template for the synthesis of positive RNA strands. 

As used herein, "purified HCV" refers to a preparation of HCV which has been Isolated from the cellular 
16 constituents with which the virus is nonnally associated, and from other types of viruses which may be 
present in the infected tissue. The techniques for isolating viruses are known to those of skill in the art, and 
include, for example, centrlfugation and affinity chromatography: a method of preparing purified HCV is 
discussed infra. 

As used herein, a "biological sample" refers to a sample of tissue or fluid isolated from an individual, 
20 including but not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the extemaJ sections of 
the sWn. respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs, and 
also samples of In vitro cell culture constituents Oncluding but not limited to conditioned medium resulting 
from the growth of cells in cell culture medium, putatively virally Infected cells, recombinant cells, and cell 
components). 

25 The term "oligonucleotide", as used heroin, refers to primers, probes, oligomer fragments to be 
detected, oligomer controls and unlabeled blocking oligomers, and is defined as a molecule comprised of 
three or more deoxyribonucleotides or ribonucleotides, typically contains more than four, typically a 
maximum of about 100 nucleotides. Its exact size will depend upon many factors, which in turn depend on 
the ultimate function or use of the oligonucleotide. 

30 The term "primer", as used herein, refers to an oligonucleotide which is capable of acting as a point of 
initiation of polynucleotide synthesis along a complementary strand when placed under conditions in which 
synthesis of a primer extension product which is complementary to a polynucleotide is catalyzed. Such 
condl tions include the presence of four different nucleotide triphosphates or nucleoside analogs and an 
agent for polymerization such as DNA polymerase or reverse transcriptase, in an appropriate buffer 

35 ("buffer" includes substituents which are cofactors, or which affect pH, ionic strength, etc.), and at a suitable 
temperature. 

As used herein, the tenm "target region" refers to a region of the nucleic acid which is to be amplified 
and/or detected. 

As used herein, the tenm "probe" refers to a polynucleotide or oligonucleotide which forms a hybrid 

40 structure with a sequence in a target region, due to complementarity of at least one sequence in the probe 
with a sequence In the target region. Preferably the probe, however, does not contain a sequence 
complementary to sequence(s) used to prime the polymerase chain reaction. 

As used herein, the term "thermostable nucleotide polymerase" refers to an enzyme which is relatively 
stable to heat when compared to nucleotide polymerases from £ coli and which catalyzes the polymeriza- 

45 tion of nucleotides. Generally, the enzyme will Initiate synthesis at the s'-end of the target sequence 
utilizing the primer, and will proceed in the 5'-directlon along the template until synthesis terminates. A 
representative thermostable enzyme isolated from Thermus aquaticus (Taq). and method for using it is 
described in Saiki et al. (1988). 

As used herein, the term "viral RNA", which includes HCV RNA refers to RNA from the viral genome. 

50 fragments thereof, transcripts thereof, and mutant sequences derived therefrom. 

As used herein, "cell line" refers to a propagated culture of cells after the first subculture, thus there are 
various embodiments including but not limited to individual cells, harvested cells, and cultures con taining 
cells so long as these are are derived from cells of the cell line refenred to. By "derived" Is meant progeny 
or issue, it is further known in the art that spontaneous or induced changes can occur in karyotype during 

56 storage or transfer. Therefore, cells derived from the cell line referred to may not be precisely identical to 
the ancestral cells or cultures, and the cell line referred to includes such variants. The term "cell lines" 
includes immortalized cells. Preferably, cell lines exclude cells which are derived by the hybridization of 
three cell types, for example, a trioma. 
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As used herein, an "/n Wfro" cell system refers to cells which have replicated In vftro, thus the term 
includes primary cultures and cell lines. 

As used herein, the term "blood ceil" refers to cells found either circulating in the blood, in tissue, or in 
bone manrow. and includes ceils of the myelocytic series, fine monocytic series, the megakaryocytic series, 
5 ttie erythrocytic series, the lymphocytic series, and ttie plasmocytic series. The morphology by which tfiese 
cells can be distinguished is discussed in THE I^ORPHOLOGY OF HUI^AN BLOOD CELLS (1985). 

As used herein, the terni "peripheral blood cell" refers to a cell found circulating in the blood, and 
refers generally to eosinophils, neutrophils (both band and segmented), basophils, monocytes, tfirom- 
bocytes. erythrocytes, lymphocytes, and plasmocytes. 
10 As used herein, the term "leukocyte" refers to to a heterogeneous group of blood cell types which 
includes everything except erythrocytes and platelets. 

As used herein, tiie term "lymphocyte" refers to a spherical cell. 6-12 um In diameter, involved in 
immune responses, with a large, round, and deeply staining nucleus and very littie cytoplasm. Lymphocytes 
include B lymphocytes and T lymphocytes. 
75 As used herein. "B lymphocytes" are vertebrate white blood cells which, when mature, are involved in 
the production of antibody. Mature virgin B lymphocytes (i.e., tiiese that have not encountered antigen) are 
characterized by tiie presence of the following surface markers: monomeric IgM receptors for antigen. Fc 
receptors for IgG; and receptors for tiie activated form of C3b component of complement. 

Precursor B lymphocytes lack immunoglobulin products but may express other characteristic molecules 
20 tiiat can be identified by specific monoclonal antibodies. These cells divide and undergo rapid transition to 
become large lymphobjasts witii cytoplasmic u heavy chains but no light chains. The pre-B cell phenotype 
(cytoplasmic u chain *, light chain surface Ig~) can first be demonst-ated in lymphoblasts actively 
engaged in DNA syntiiesis. Human pre-B cells express HLA-DR molecules on tiieir surface and may also 
express receptors for the C3b complement fragment However, ttiey lack Fc recpetors for IgG and have 
25 very few C3d/EBV receptors. Precursor B lymphocytes can also be recognized by tiieir capacity to bind 
peanut agglutinin. 

Mature B lymphocytes may be either activated or resting. Activated B cells express several types of 
molecules ttiat are not detected on resting B cells. These marker molecules are known by those of skill in 
the art and include, for example, interieukin-2 (IL-2) receptors, and transfenin receptors (the latter are 

30 expressed by all kinds of dividing cells). Activation of B cells provokes loss of membrane IgD. and botti Fc^ 
and C3b receptors are diminished on extemal membranes, whereas those for C3d/Epstein Barr Virus (EB)V 
are not significantiy affected. 

After antigen or mitogen stimulation, B lymphocytes may process along eitiier of 2 branches of a dif 
ferentiation patiiway. They can differentiate into plasma cells, or they can divide and then retum to a resting 

3$ state as memory B cells. Memory B cells have had a loss of IgD during activation; this molecule Is not 
resynttiesized by cells entering tiie memory cell pool. 

"Plasma cells" are terminally differentiated B lymphocytes. These cells are of ovoid shape, with an 
eccentiic spoke-wheel nucleus, and Intensely basophilic cytoplasm. When stained witii fluorochrome- 
labeled antibodies to immunoglobulin determinants, fixed plasma cells display intense fluorescence tiirought 

40 tiiefr cytoplasm. Membrane-bound immunoglobulin and DR molecules are scant and receptors for Fc^ 
C3b. C3d, or EBV are generally undetectable. 

A "plasmablast" is botfi morphologically and functionally between ttie activated lymphocyte (also called 
B lymphoblast) and plasma cell stages. The cells are large, with a greater nucleancytoplasmic ratio tiian 
plasma cells. Membrane-bound immunoglobulins and FC7 receptors are present 

46 As used herein, a "T lymphocyte" is a tfiymus-derived cell which may participate in a variety of cell- 
mediated immune responses. There are a variety of types of T lymphocytes, which are distinguishable by 
tiieir function, and by their cell surface markers. Methods for distinguishing the classes of T lymphocytes, 
which include tfiose of the T "helper" and T "suppressor" types are known in \he art. For example, 
monoclonal antibodies can be used to detect cell surface antigens, including tiie CD (cluster of differenti- 

50 ation) antigens. The T ceil types marked by tiie CD antigens, and monoclonal antibodies which detect ttie 
specific anti'gens are shown in Table 1. 
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CD1 


CD2 


CD3 


CD4 


CD5 




CDS 


CD7 


CDS 


Cell Type Marked 


Cortical 
thymocytes 


E 

rosette-forming 
ceils 


Mature T cells 


Helper/inducer 
T 

cells 


Pan-T and -B cell 


subpopulation 


Mature T and Bcell 
subpopulatlon 


Pan-T cells, 
thymocytes 


Suppressor/cytotoxic 
T 

cells 
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As used herein, "large granular lymphocyte" (LQL), also called natural killer (NK) cells, are another type 
of lymphocyte. These cells comprise a discrete population of large lymphocytes that can be distinguished 
morphologic features, for example, by characteristic azurophilic granules in their cytoplasm. In addition, LGL 

5 can be identified by methods which utilize specific monoclonal antibodies. Several monoclonal antibodies 
are available that detect either Fc receptors (Leu 11) or specific differentiation antigens {leu 7. HNK-1. 
NKH-1. NKH-2) present on these ceils. Some LGL cells also express antigens from the CD2 T cell family. 
Methods for functional testing are also known in tfie art, and are based on the ability of these nonimmune 
cells to kill special target cells, for example, erythroteukemia ceil line K562. Methods of measuring 

10 cytotoxocity are known in tiie art, and include, for example the ^^Cr release assay. 

As used herein, "monocytes" denotes large agranulocytic leukocyte blood cells which are phagocytic. 
In humans, these cells are approximately 10-12 um in diameter, with oval nuclei. Monocytes which are in 
tissue are known as macrophages. Monocytes/macrophages may be identified by their morphology. They 
are larger tiian granulocytes and most lymphocytes. They have round or kidney-shaped nuclei with fine, 

75 lightiy stained granules. They may be detected by staining for tiieir nonspecfic esterase, or alpha-nahtiiol 
esterase. Monoclonal antibodies directed at specific differentiation antigens are also available, and include, 
for example. Leu M3, and OKT Ml. The tenm "monocytes" includes monoblasts and promonocytes. The 
cells of the mononuclear phagocyte system, and their localization, are shown in Table 2: methods for 
distinguishing ttie cell types are discussed in BASIC & CLINICAL IMMUNOLOGY. 6tii edition. 

20 

Table 2 



Cells of the Mononuclear Phagocyte System ' 


Cells 


Localization 


Stem cells (committed) 

Monoblasts 

Promonocytes 

Monocytes 

Macrophages 


Bone manrow 
Bone marrow 
Bone man-ow 
Bone marrow 
Tissues 


Normal state, free 


Histocytes 

Alveolar macrophages 
Pleural and peritoneal 
macrophages 


Connective tissues 
Lung 

Serous cavities 


Nonmal state, fixed 


Kupffer ceils 
Osteoclasts 
Microglial cells 
Synovial type A cells 
Rxed tissue macrophages 


Liver 
Bone 

Nervous System 
Joints 

Spleen, lymph nodes, 
bonemarrow, and other 
tissues 


Inflammation 


Exudate macrophages 
Activated macrophages 
Elicited macrophages 
Epitheloid cells 
Multinucleated giant ceils 
(Langerhans types and foreign 
body type) 


Any tissue 
Any tissue 
Any tissue 
Any tissue 
Any tissue 



• Adapted from Van Furtii R (editor): Mononuclear Phagocytes: Functional 
Aspects , Martinus Nljhoff. 1980. 
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As used herein, the term "granulocyte" refers to a polymorphonuclear leukocyte which contains many 
cytoplasmic granules and a multilobed nucleus. Granulocytes Include neutrophils, eosinophils, and 
neutrophils. Neutrophils are amoeboid in shape, and phagocytic, and stain with Ijoth basic and acidic dyes. 
Eosinophils and basophils contain cytoplasmic granules which stain with acid dyes and with basic dyes, 
respectively. 

"Bone manrow cells" include both primary bone marrow tissue and bone marrow ceil lines from 
mammals, such as primates and humans. Methods of cuituring primary bone marrow cells In vitro are 
known, as well as bone man-ow cell lines such as IM-9, KG-1 and KG-la. See. e.g., ATCC CATALOG, 
supra, at 381. Primary bone marrow cells may include, in addition to leukocytes and lymphocytes 
described elsewhere herein, progenitor cells such as pieuripotent stem cells. See, ag.. Civin U.S. Pat No. 
4,714.680. 



II. Description of the Invention 

The invention described herein allows the replication of HCV in cell lines. In a method of the invention, 
peripheral blood cells which are infected witii replicating virions are detected. Preferably, the detection is 
accomplished by identifying replicative intemnediates of the viral genome in preparations containing HCV 
infected cells. Alternatively, tt^e virions may be detected using immunoassays to detect a population of HCV 
infected cells. Cell lines infected witii HCV are prepared; these cell lines are usually derived from blood 
cells or tiielr precursors, more usually are derived from mononuclear cells or ttieir precursors. The 
preparation of tiie infected cell tine may be accomplished by a variety of metfiods. Including tfie following. 
One option is to cultivate susceptible cells witti concentrated culture fluids harvested from short tenn 
primary cultures of cells which are replicating tiie virus. Anottier option is to directiy Infect susceptible cells 
witti isolated HCV particles. Still anotiier option is to grow susceptible cells in contact with HCV infected 
cells. The susceptible cells may be from an established cell line, or may be primary cultures. Altematively. 
infected cells from an individual witti HCV may be fused witii established cells from a cell line to produce a 
permanent cell line. Still altematively, HCV infected blood cells Isolated from an individual may be 
immortalized. Virions produced by tiie HCV infected cell lines are useful in immunoassays for tiie detection 
of anti-HCV antibodies, and as a substrate for the production of vaccines for treatment of HCV. 

The practice of tiie present invention will employ, unless otfienwise indicated, conventional techniques 
of molecular biology, microbiology, hematology, cell and organ culture, recombinant DNA, and immunology, 
which are wittiin tfie skill of the art Such techniques are explained fully In tiie literature. See, e.g., ATCC 
CATALOG OF CELL UNES & HYBRIDOMAS. Stii edition, 1988 (American Type Culture Collection, 
Rockville. Md.); BASIC & CLINICAL IMMUNOLOGY. 6tii edition (Stites, Stobo, and Wells, eds.. Appleton 
and Lange, Norwalk ConnA^s Altos. Ca, 1987); Boggs and Winkelsteln. WHITE CELL MANUAL, edition 4 
(F.A. Davis Co.. Phila., 1983); Diggs, Sturm, and Bell (1985), THE MORPHOLOGY OF HUMAN BLOOD 
CELLS (Abbott Laboratories, Abbott Park, IL); Freshney (1987). CULTURE OF ANIMAL CELLS: A MANUAL 
OF BASIC TECHNIQUE (Alan R. Uss, Inc., N.Y.); Maniatis. Fitsch & Sambrook, MOLECULAR CLONINGTa 
LABORATORY MANUAL (1982); DNA CLONING, VOLUMES I AND II (D.N Glover ed. 1985); LYM- 
PHOKINES AND INTEFERONS: A PRACTICAL APPROACH (Clemens, Moms, and Gearing, eds., 1987); 
LYMPHOCYTES: A PRACTICAL APPROACH (Klaus, ed., 1987); VIROLOGY: A PRACTICAL APPROACH 
(Mahy, ed., 1985); OUGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION 
(B.D. Hemes & S.J. Higgins eds. 1984); IMMOBILIZED CELLS AND ENZYMES (IRL Press. 1986); B. 
Perbal, A PRACTICAL GUIDE TO MOLECULAR CLONING (1984); tiie series. METHODS IN ENZYMOL- 
OQY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR MAMMAUAN CELLS (J.H. Miller and M.P. 
Calos eds. 1987. Cold Spring Hartjor Laboratory). Metiiods in Enzymology Vol. 154 and Vol. 155 (Wu and 
Grossman, and Wu. eds.. respectively). Mayer and Walker, eds. (1987), IMMMUNOCHEMICAL METHODS 
IN CELL AND MOLECULAR BIOLOGY (Academic Press, London). Scopes, (1987). PROTEIN PURIRCA- 
TION: PRINCIPLES AND PRACTICE, Second Edition (Springer-Veriag, N.Y.), and HANDBOOK OF EXPERI- 
MENTAL IMMUNOLOGY, VOLUMES I-IV (D.M. Weir and C. C. Blackwell eds 1986). All patents, patent 
applications, and publications mentioned herein, both supra and Infra, are hereby incorporated herein by 
reference. 



II A Detection and Isolation of HCV Infected Cells from an Individual 
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HCV Infected cells in biological samples are screened for the presence of HCV polypeptides or HCV 
polynucleotides. Usually the biological samples are blood samples, from which the cells infected with HCV 
and/or replicating HCV are isolated and partially purified utilizing techniques known in the art, for example, 
by sedimentation through Rcoll-Paque (Phannrtada Corp.) solutions. 
5 The screening technique used to detect viral material must be sufficiently sensitive to detect very 
limited amounts. For example, the presence of virions may be detected by immunoassay, using antibodies 
directed against a virion polypeptide(s). A suitable antibody is described in U.S.S.N. 355.002 (Attorney 
Docket No. 2300-0063.28), filed May 18. 1989. Methods for immunoassays, as well as methods for signal 
enhancement are known in the art 

10 The HCV genomic material, and replicative intermediates thereof, may also be detected by nucleic acid 
hybridization. Usually the system will involve amplification techniques in the hybridization assay. Such 
techniques are known in the art For example, the Enzo Biochemical Corporation "Bio-Bridge" system uses 
temninal deoxynucleotide transferase to add unmodified s'-poly-dT-tails to' a DNA probe. The poly dT-tailed 
probe is hybridized to the target nucleotide sequence, and then to a biotin-modified poly-A, PCT application 

16 84/03520 and EPA 124221 describe a DNA hybridization assay in which: (1) analyte is annealed to a single- 
stranded DNA probe that is complementary to an enzyme-labeled oligonucleotide; and (2) the resulting 
tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridiza- 
tion assay in which analyte DNA Is contacted with a probe that has a tail, such as a poIy-dT tail, an 
amplifier strand that has a sequence that hybridizes to the tail of the probe, such as a poly-A sequence, and 

20 which is capable of binding a plurality of labeled strands. A particularly desirable technique may first involve 
amplification of the target HCV sequences in sera until the amplified sequences are at a detectable level. 
This may be accomplished, for example, by the polymerase chain reactions (PCR) technique described by 
Saiki et al. (1986). by Mullis. U.S. Patent No. 4,683.195, and by Mullls et al. U.S. Patent No. 4,683,202. The 
amplified sequence(s) may then be detected using a hybridization assay which is described in co-pending 

25 U.S. Serial No. 109,282 (Attomey Docket No. 2300-0171), which was filed 15 October 1987. U.S. Serial No. 
185.201 (filed 22 April 1988). and U.S. Serial No. 252,638 (filed 30 September 1988), which are assigned to 
the herein assignee, and are hereby incorporated herein by reference. These hybridization assays, which 
should detect sequences at the level of 10^ /ml. utilize nucleic acid multimers which bind to single-stranded 
analyte nucleic acid, and which also bind to a multiplicity of single-stranded labeled oligonucleotides. A 

30 suitable solution phase sandwich assay which may be used with labeled polynucleotide probes, and the 
methods for the preparation of probes is described in EPO 225,807, published June 16, 1987, which is 
assigned to the herein assignee, and which is hereby incorporated herein by reference. 

A prefenred method for detecting HCV genomic sequences is described in the Examples. This method 
is based on an HCV/cPCR method described in U.S.S.N. (attomey docket 2300-0063.27), filed IS4ay 18. 

36 1989, which is commonly owned by the herein assignee, and which is hereby incorporated herein by 
reference. The method utilizes primers and probes based upon a family of cDNA replicas of portions of the 
HCV genome: a composite sequence of the cDNA plus strand derived from this family of cDNAs is shown 
in Rgure 1. The first step in the method is the synthesis of a cDNA to either the HCV genome or its 
replicative intermediate, using reverse transcriptase. If replicative intenmediates ar© to be detected, the 

40 primer is complementary to only the negative strand of HCV RNA (i.e. the strand which is the replicative 
intermediate). After synthesis of the HCV cDNA, and prior to amplification, the RNA in the sample is 
degraded by techniques known in the art. for example, by alkali denaturation. or by treatment with an RNA 
specific RNase. 

It is anticipated that variant strains of HCV will be present in the infected cells of various individuals. 
46 Therefore the detection methods should be directed to constant epitopes or genomic sequences of HCV. 

Utilizing the HCV/cPCR method to screen fractions of blood cells separated on Rcoll-Paque. replicative 
intermediates of the HCV genome were detected in a partially purified composition of cells derived from 
peripheral blood (See Infra in the Examples). This composition is comprised of lymphocytes, 
monocytes/macrophages, platelets, and small amounts of other white blood cell types. The sedimentation 
50 through Rcoll-Paque fractionates these cells, which band to the interface, from erythrocytes and, 
granulocytes, which are of greater density. 

Further identification of the infected cell types may be accomplished by utilizing techniques known in 
the art. for example by immunoassays which are directed to distinguish between the various types of blood 
cells. Monoclonal antibodies which are directed to surface epitopes on various lymphocytes, and 
55 monocytes/macrophages are known in the art. Thus, HCV infected cells may be Isolated and identified by 
immunologic binding to specific cell surface antigens. 
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II.B. Preparation of In vitro Infected Cell Systems 

A variety of methods may be used to prepare In vitro cells. Including cell lines, infected with HCV. 
Candidate cells for Infection and propagation In vitro can be from any of the above-mentioned cell types, 
such as lymphocytes or bone marrow cells. The discovery that repllcative Intermediates of the HCV 
genome are present In leukocytes in the peripheral blood of infected humans is indicative of the cell type 
which may support viral replication in vitro, Le., in at least one of the cell types In the population of 
leukocytes which band at the interface of a leukocyte suspension sedimented through Rcoll-Paque, l.e.. 
mononucleocytes. (This procedure generally removes normal erythrocytes and granulocytes from peripheral 
blood samples). Further fractionation procedures may be used to separate the different types of mon- 
onucleocytes to determine the presence of HCV replicative intermediates and/or HCV antigens associated 
with these cell types. Procedures for separating different types of monocytes, e.g.. various types of 
lymphocytes, and macrophages, are known in the art. See. e.g., LYMPHOCYTES: A PRACTICAL AP- 
PROACH (Klaus, ed.). These procedures may use monoclonal antibodies directed towards specific cell 
types; the monoclonal antibodies may be affixed to solid substrates, e.g., plates with wells, or magnetic 
beads. Alternatively, sorting techniques, which rely upon cell sorter instruments may be used. The selection 
may be either positive or negative to enrich and/or select the desired cells in the population of mon- 
onucleocytes. Based upon fractionation studies which isolated lymphocytes and macrophages from the 
monocyte population. It Is suggested that a preferred cell type for replication may be lymphocytes and/or 
macrophages/monocytes. 

Since replication of HCV occurs within mononucleocytes in vivo, it Is expected that Infected cell lines 
may be derived from known established cell lines of these types, many of which are available from the 
American Type Culture Collection, and which may Include, for example. B cell lines (e.g., EBV transformed 
B cell derived lines such as B95-8, DAKIKI. LTR228. Mo-B, SC-1, WIL2-NS; B cell lines such as Ia2, BL-3, 
UC 729-6. Namalwa, U-937. Ramos {RA-1). BCLt clone 5Bib, MC/CAR. IA2. YB2/0, CAS-F4 SHM-D33* 
CW13.20-3B3, BG9-E%, WM-115. WM 266-4. WEHi-231, WEHI-279. NFS-1.0 C-l); monocyte lines (e.g.! 
THP-1. WEHI-274,1). mouse lymphoma lines (e.g.. 2pk-3). pro-B lymphoblasts (e.g.. NFS-70 C-10). pre-B 
lymphoblasts (e.g.. fsJFS-25 C-3), T-cell derived lines (e.g.. CTLL-2. HuT 102. D10.G4.1, LBRM-33 clone 
4A2. HuT78, CI.Lyl 2-/9, UCD-MLA-144. 6T-CEM 20, 6T-CEM, CCRF-CEM. H9/HTLV-IIIB, CCRF-SB- 
CCRF-HSB.2, CEM-CM3. Mo. MOLT-3. MOLT-4. BW5147,3. BW5147.G.1.4, C1498, RAW8.1. CTLL-2. and 
BW5147.G.1.4.0UA^1). Additional human leukemic cell lines of interest include K562 and ARH-77, 
Conditions for the In vitro culture of these cells is described in ATCC CATALOG OF CELL LINES AND 
HYBRIDOMAS, eth Edition, 1 98a 

Another type of cell system in which HCV may replicate In vitro is In primary cultures of cell types of 
cells which are infected with HCV In vivo. Primary cultures, as used herein, refers to culture of cells that 
are directly derived from cells or tissues from an individual, as well as cells derived by passage from these 
cells, but not to immortalized cells. Methods for preparing primary cultures, particulariy of mononucleocytes. 
and conditions for their growth in vitro are known in the art (See, for example, LYMPHOCYTES: A 
PRACTICAL APPROACH (Klaus, ed.), particulariy Hunt (1987); and Freshney (1987). Generally, normal 
mature macrophages do not proliferate; however, replicating precursor cells of macrophages may be 
cultured by techniques known in the art. See. for example, Freshney (1987). pp. 284-287. 

Still another type of cell system In which HCV may be replicated is in immortal cell lines derived from 
primary cultures of mononucleocytes. Methods to obtain immortalized cell lines of types of mon- 
onucleocytes are known In the art. For example, methods for growing and immortalizing B cells, T cells, 
and macrophages in culture are described In LYMPHOCYTES: A PRACTICAL APPROACH (Klaus, ed.); 
LYMPHOKINES AND INTERFERONS (Clemens, Morris, and Gearing, eds), and Freshney (198^. For 
example, B-cell lines are often immortalized by infection with Epstein-Barr virus (EBV). This may be 
accomplished by incubating mononucleocytes from infected celts with the supematant from an EBV 
infected cell line which is a chronic shedder of EBV, for example, ATCC CRL 1612 cells (B95-8). 

The growth of mononucleocytes in culture often requires the presence of stimulatory protein factore 
(also called cytokines) in the culture medium; these factors are usually produced by a cell of another type. 
A supply of the cytokines may be provided In conditioned medium, i.e.. cell culture supernatant from cells 
which produce the desired factors; or it may also be provided by feeder cells. The requirement may also be 
met by the provision of the purified cytokines. Cytokines include, for example, the following. Interieukin 1- 
alpha and beta (also called lymphocyte activating factor, epidemnal cell derived thymocyte activating factor, 
and haemopoietin Hi); these lymphokines are derived from multiple cell types, including monocytes! 
lymphocytes, and keratinocytes. Interieukin 1 -alpha and beta have multiple actions, including stimulating 
interieukin 2 production and haematopoietic activity. Interieukin 2 (also called T-cell growth factor), derived 




EP 0 414 475 A1 

from T-lymphocytes. and which stimulates T and B cell proliferation and differentiation, macrophage 
activation, and natural killer cell activation. Interleukin 3 (also called Multi-CSF), which is derived from T- 
lymphocytes. and which has a pluripotent effect on growth and differentiation, and which stimulates mast 
cell growtii. Interleukin 4 (also called B-cell growth factor I), which Is derived from T-lymphocytes, and 

5 which stimulates T and B cell proliferation and differentiation. Interleukin 5 (also called B-cell growtit factor 
II), which is derived from T-lymphocytes, and which stimulates eosinophil differentiation (and which, in tiie 
mouse system, acts as a B-cell growtii factor). Low molecular weight B-cell growth factor, which is derived 
from T-lymphocytes, and which stimulates B-cell proliferation. B-cell stimulatory factor 2 (also called 
interferon beta-2). which is derived from T-lymphocytes. and which stimulates B cell differentiation. 

10 lnterferon-7 (also called immune interferon), which is produced by T-lymphocytes, and which activates 
macrophages. Granulocyte colony stimulating factor, which is derived from a number of cell types, and 
which stimulates tiie growtii and differentiation of granulocytes. Macrophage colony stimulating factor (CSF 
1), which is derived from a number of cell types, and which stimulates tiie growth and differentiation of 
monocytes/macrophages. Granulocyte macrophage colony stimulating factor, which is derived from a 

75 number of cell types, and which stimulates the growth and differentiation of monocytes/granulocytes. 

Infection of a susceptible cell line with HCV may be accomplished by any one of several techniques 
which are used in the art to infect cells with virus, particularly with an RNA virus, and more particularly with 
a Ravivirus. Generally, virus particles adsorb to cultured cells at physiological temperatures. The virus 
penetrates, uncoats, replicates its nucleic acid in tiie nucleus or cytoplasm, and after transcription and 

20 translation assembles progeny virions which egress either by cell lysis or budding. The number of progeny 
virus particles released from one cell is refen^ed to as the burst size. Virus is titrated by adsorbing serial 
tenfold dilutions to cells and counting the resultant plaques after appropriate incubation at the permissive 
temperature. 

Viral infection of susceptible cells may be accomplished by cocultivation of the susceptible cells and 
25 HCV infected cells. The HCV infected cells may be from a primary culture. Usually the HCV infected cells 
and the primary cells are incubated together in approximately equal numbers in an appropriate cell culture 
medium. The medium may contain Potybrene, or a functionally similar substance, in an appropriate 
concentration. The incubation is of sufficient time and at the appropriate temperature to allow the newly 
replicated virus from tiie HCV infected cells to allow attachment and uptake by tiie susceptible cells. 
30 The infection of susceptible cells may also be accomplished using virus containing cell-free super- 
natants of HCV infected cells. Generally the susceptible cells are pretreated witii an appropriate concentra- 
tion of Polybrene (or a functionally similar substance), and tiien exposed to concentrated culture fluids 
harvested from short-term primary cultures of HCV infected cells derived from infected individuals. 

Susceptible cells may also be infected with vims isolated from HCV containing biological samples. 
35 Suitable methods for the isolation of viruses, particularly RNA containing viruses, and more particularly 
Togavimses and Raviviruses are known in tiie art. for example, see VIROLOGY: A PRACTICAL APPROACH 
(Mahy, ed.). Also described therein are cells which may be suitable for infection, and growth conditions for 
these cells. 

Anotiier method for preparing HCV infected cells in vitro may be by tiie fusion of HCV infected 
40 mononuclear cells with susceptible cells. Methods for fusing somatic cells are known in tiie art, as are 
methods for the selection of fused cells. For example, fusion may be catalyzed by the presence of virus. 
e.g., EBV. Sendai virus, and tiie like, or by tiie presence of chemicals, e.g., polyethylene glycol, which 
induce fusion. The susceptible cell may carry a marker which prevents its growtii in the selection media. 
e.g., tiie cells may be phenotyplcally negative for tiiymidlne kinase. Selection is tiien in media which 
45 requires tiiymidlne kinase, e.g.. HAT medium. This method is particularly suitable if the HCV infected 
mononuclear cells isolated from the infected individual do not replicate in vitro. A suitable method for tiie 
preparation fused cells which may replicate HCV is that described in WO 87/05930, except tiiat tiie tissue 
specific cell (reportedly a hepatocyte) which is used to form tiie trioma is replaced witii an HCV infected 
mononucleocyte. 

50 Yet anotiier method of preparing an HCV infected cell line is by immortalization of infected cells 
isolated from an HCV infected individual. Generally, mononuclear cells are isolated from peripheral blood. If 
desired, tiie mononuclear cell population may be furtiier fractionated. The cells are then grown In primary 
culture. Immortalization may be accomplished by growing and passaging tiie cells tiirough the cell crisis 
period, at which point tiie majority of cultured cells die; tiie resulting cells are immortal. Alternative mettiods 

55 for producing immortal T-cells, B-cells, and macrophages are described supra 

HCV replication in the HCV infected cell lines prepared as described supra may be detected by a 
variety of assays. For example, viral assays may depend upon the cytopathic or transforming characteristics 
of the virus. Cytopathic viruses may be assayed by their antimetabolic effects in microtitration plates or by 
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the formation of characteristic plaques in monolayers of the appropriate susceptible host cell. A viral 
suspension is serially diluted and aded to monolayer culture plates. The number of plaques forming at the 
limiting dilution is taken as equivalent to the number of infectious particles in tfie supernatant medium, 
allowing tiie concentration of virus in the initial sample to be calculated. Characterization of the virus may be 
perfonmed witfi specific antisera, measuring the cytopathic effect of the virus, by immunoassay, or by the 
cPCR/HCV assay for HCV RNA, described supra 

Transforming viruses may be assayed by, for example, the selective growth of transformed clones in 
suspension, or by looking for transformation foci in monolayer cultures. 

In tile event tiiat tiie viois of interest is exhibits neither a detectable cytopatiiic nor a transforming effect, 
it may be detected in the infected cell preparation or infected cell lysate by a number of techniques, 
including, for example, immunoassay using a labeled antibody(s) which is specific for the virus, immunoas- 
say of polypeptides labeled during replication using anti-HCV antibodies, and the detection of viral nucleic 
acids, for example, an enriched population of negative strands complementary to viral positive strands, or of 
viral nucleic adds labelled during an In vitro viral synthesis period. 



II.C. Immunoassays Using Antigens from HCV Infected Cells 

The antigens from HCV infected cells which react Immunologically wltti serum containing HCV 
antibodies are useful in immunoassays to detect presence of HCV antibodies in biological samples. The 
HCV antigens can take the fbnm of, inter alia, purified or partially purified vims particles or viral 
polypeptides, disrupted virus, or infected cells or cell lysate therefrom. The production of tiie various fonns 
of viral antigen from tissue culture sources is well-known in the art Design of the immunoassays is subject 
to a great deal of variation, and a variety of tiiese are known in the art. For example, an immunoassay may 
use a combination of viral epitopes derived from ttie same or from different viral polypeptides. It may use. 
for example, one or more viral antigens isolated from the HCV infected cell or from isolated HCv! 
Alternatively, fixed cells directiy from culture may be used if viral epitopes are expressed internally or 
externally, or alternatively, cellular lysates may be used. It may also use. for example, whole disrupted 
virions. General metiiods for preparing disrupted virions are known in tiie art 

immunoassay protocols may vary. Protocols may be based, for example, upon competition, or direct 
reaction, or sandwich type assays. Protocols may also, for example, use solid supports, or may be by 
immunoprecipitation. Most assays involve tfie use of labeled antibody or polypepti'de; tiie labels may be. for 
example, fluorescent, chemiluminescent radioactive, or dye molecules. Assays which amplify the signals 
from tfie probe are also known; examples of which are assays which utilize biotin and avidin. and enzyme- 
labeled and mediated immunoassays, such as ELISA assays. 

A suitable immunoassay may utilize disrupted virons in an EUSA format The enzyme-linked im- 
munosorbent assay (ELISA) method depends upon conjugation of an enzyme to eitiier an antigen or an 
antibody, and uses the bound enzyme activity as a quantitative label. To measure antibody, the known 
antigen is fixed to a solid phase. (e.g.. a microplate or plastic cup), incubated witfi antinmmunoglobulin 
labeled witii enzyme, and washed again. Enzymes suitable for labeling are known in tiie art, and include, for 
example, horseradish peroxidase. Enzyme activity bound to the solid phase is measured by adding'the 
specific substirate, and detemiining product fonmation or substiate utilization colorimebically. The enzyme 
activity bound Is a direct function of tiie amount of antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing 
antigen is added, after an incubation tiie solid phase is washed, and a second enzyme-labeled antibody is 
added. After washing, substrate is added, and enzyme activity is estimated colorimetiically, and related to 
antigen concentration. 

Thus, for example, to detect anti-HCV antibodies using an EUSA format, isolated HCV, solubilized, e.g., 
with detergent, may be used to coat appropriate microtiter plates. After ttie viral antigens are bound, another 
protein is also used to coat the plates, to prevent nonspecific binding of antibodies. The biological sample 
to be tested for anti-HCV antibodies Is added to tiie plates, and the formation of HCV antibody-HCV antigen 
complexes Is detected. 

Anotiier suitable immunoassay may utilize gel electi'ophoresis of HCV lysates, foltowed by Western 
blotting with the biological sample to be tested for anti-HCV antibodies. The formation of HCV antibody-HCV 
antigen complexes is detected using techniques known in the art 

Kits suitable for immunodiagnosis and containing ttie appropriate labeled reagents are constructed by 
packaging ttie appropriate materials, including the antigens derived from ttie HCV infected cells in suitable 
containers, along with tfie remaining reagents and materials required for tiie conduct of ttie assay, as well 
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as a suitable set of assay instructions. 



II.D. Use of Infectable Cells In Screening for Antiviral Agents 



5 



The cells described herein which are capable of replicating HCV. may be used to screen for antiviral 
agents which inhibit HCV replication, and particularly for those agents which preferentially allow cell growth 
and multiplication while inhibiting viral replication. The screening methods which can be used are those 
which examine the inhibition of virus replication in the presence of the putative antiviral agent. Generally. 

TO the antiviral agents are tested at a variety of concentrations, for their effect on preventing viral replication in 
a cell culture system which supports viral replication, and then for an inhibition of infectivity or of . viral 
pathogenicity (and a low level of toxicity) in an animal model system. 

Included within antiviral agents are antibodies which blocl< viral infection (neutralizing antibodies). The 
ability of anti-HCV antibodies to prevent the infection of the cells in vitro can be determined using the 

75 assays described herein to determine whether vira! replication is inhibited by the presence of the putative 
anti-HCV antibodies. For example also, vims produced in infected cells may also be used as a source of 
antigens to detemnine whether antibodies are HCV specific. 



20 III. Examples 



III.A. Detection of HCV RNA in Mononuclear Cells From Individuals with NANBH 

25 The detection of HCV RNA In mononuclear cells from blood of individuals with chronic NANBH was 

accomplished using essentially the cPCR/HCV assay described in U.S.S.N. 07/355,961. 

Blood obtained from 5 individuals with chronic NANBH and which tested positive for anti-HCV 

antibodies using an HCV-C100 antigen immunoassay, and from 5 control individuals (reportedly free of 

NANBH, and which was negative in ttie immunoassay) was examined for the pros ence of HCV RNA in the 
30 mononuclear fraction. A mononucleocyte fraction from the samples was obtained by sedimentation tfirough 

Rcoll-Paque (Pharmacia), following the manufacturer's directions. 

The cPCR/HCV assay used in tfiese studies were performed utilizing the following methods for the 

preparation of RNA. tiie reverse transcription of the RNA into cDNA, the amplification of specific segments 

of the cDNA by PCR. and ttie analysis of the PCR products. 
35 Total RNA was isolated from the mononucleocyte fraction. The cDNA used as a template for ttie PCR 

reaction was prepared utilizing ttie designated samples for preparation of the corresponding cDNAs. Each 

RIMA sample (con-esponding to cells in 10 microliters of blood) was incubated in a 25 microliter reaction 

containing 1 micromolar of each primer, 1 millimolar of each deoxyribonucleotide triphosphate (dNTP). 50 

millimolar Tris-HCL. pH 8.3, 5 millimolar MgCb. 5 millimolar dittiiothreitol (DTT). 73 millimolar KCI. 40 units 
40 of RNase Inhibitor (RNASIN), and 5 units of AMV reverse transcriptase. The incubation was for 60 minutes 

at 37* C. Following cDNA syntiiesis. tiie reactions were diluted witfi 50 microliters of deionized water (DIW). 

boiled for 10 minutes, and cooled on Ice. 

Amplification of a segment of ttie HCV cDNA was perfomned utilizing two synthetic 18-mer 

oligonucleotide primers whose sequences were derived from HCV cDNA clones 36 (anti-sense) and 37b 
45 (sense). The sequence of the primer from clone 36 was: 

5 QCA TQT CAT GAT GTA T 3'. 

The sequence of the primer from clone 37b was: 

5' ACA ATA CGT GTG TCA C 3'. 

The primers were used at a final concentration of 1 micromolar each. In order to amplify ttie segment of 
60 HCV cDNA which is flanked by ttie primers, the cDNA samples were incubated witii 0.1 microgram of 
RNAse A and tfie PCR reactants of ttie Peridn Elmer Cetus PCR kit (N801-0043 or N801-0055) according to 
the manufacturer's instructions. The PCR reaction was performed for eittier 30 cycles or 60 cycles in a 
Pericin Elmer Cetus DNA ttienmal cycler. Each cycle consisted of a 1 minute denaturation step at 94* C. an 
annealing step of 2 minutes at 37* C. and an extension step of 3 minutes at 72* C. However, ttie extension 
55 step in ttio final cycle (30 or 60) was 7 minutes rattier ttian 3 minutes. After amplification ttie samples were 
extracted witti an equal volume of phenol: chloroform (1:1). followed by extraction with an equal volume of 
chlorofonn. and ttien tiie samples were precipitated with ethanol containing 0.2 M sodium acetate. 

The cPCR products were analyzed as follows: The products were subjected to electrophoresis on 1.8% 
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alkaline agarose gels according to Murakawa et ai. (1988), and transferred onto Zeta Probe paper (BioRad 
Ckjrp.) by blotting gels overnight In 0.4 M NaOH. The blots were neutralized In 2 x SSC (1 x SSC contains 
0.15 M NaCI. 0.015 M sodium citrate), prehybridized in 0.3 M NaCI. 15 mM sodium phosphage buffer, pH 
6.8. 15 mM EDTA, 1.0% SDS. 0.5% nonfat milk (Carnation Co.). and 0.5 mg/ml sonicated denatured salmon 
spemi DNA. The blots to be analyzed for HCV cDNA fragments were hybridized to a 32p-labeled probe 
generated by nick translation of the HCV cDNA insert sequence in clone 35. shown in Rgure 2. After 
hybridization, the blots were washed in 0.1 x SSC (1 x SSC contians 0.1 5M NaCI. 0.01 M Na citrate) at 
65* C. dried, and autoradiographed. The expected product size is 586 nucleotides in length; products which 
hybridized with the probe and migrated In the gels in this size range were scored as positive for viral RI^ 

As a control. cPCR primers designed to amplify o1 -antitrypsin mRNA was performed to verify the 
presence of RNA in each sample analyzed. The coding region of the a1 -antitrypsin gene Is described In 
Rosenberg et al. (1984). Synthetic 16-mer oligonucleotide primers designed to amplify a 365 nucleotide 
fragment of the coding region of the Ool -antitrypsin gene were derived from nucleotides 22-37 (sense) and 
nucleotides 372-387 (anti-sense). The PCR products were detected using a ^^r nick-translated probe which 
lies between, and not including, the cDNA/PCR primer sequences. 

Due to the extreme sensitivity of the PCR reaction, all samples were mn a minimum of three times. All 
false positive signals were eliminated when the following precautions were taken: 1) eliminating aerosols by 
using screw capped tubes with mbber 0-ring seals: 2) pipetting witti Ranin Mlcroman positive displacement 
pipetters witti disposable pistons/capillaries; and 3) selecting the oligonucleotide sequences for tfie cDfMA 
and PCR primers from two non-contiguous cDNA clones. 

The results showed that mononucleocytes from 5 of 5 HCV anti-ClOO antibody positive samples were 
positive for HCV RNA in the cPCR HCV assay. All of the controls were negative in the same assay. 



III.B. Detection of HCV RNA Minus Strands in Mononucleocytes from HCV Infected Individuals 

The detection of minus strands in peripheral blood mononucleocytes was accomplished using the 
cPCR/HCV assay essentially as described in Section IIIA, except ttiat the cDNA was synthesized using 
eitiier tiie 16mer primer from clone 36 0.e.. primer 36/1 8A). described in Section III.A. to prime ttie plus 
strand of HCV RNA. or tiie complement of the 16-mer (i.e.. primer 36/168). to prime the negative strand. In 
order to carry out tiie subsequent PCR reaction, the cDNA reaction mixture was boiled and treated with 
RNase prior to the addition of the second primer. 

The results of the cPCR/HCV assay showed that 5 of the HCV antl-ClOO antibody samples were 
positive for HCV negative strands; of tfiese five samples, two showed high levels of HCV RNA negative 
strands. All 5 of these samples were about equally positive for the plus strands of HCV RNA Of tfie five 
control samples, all were negative for both plus and minus strands of HCV RNA 

As an additional control, plasma samples from tiiree of the HCV positive individuals were also analyzed. 
TTie signal obtained from tiie positive strands were at least 5 to 10 times sti-onger than was the signal for 
tfie negative sfands. Thus, the plasma samples were strongly positive for ttie plus strands, and only weakly 
positive to negative for the minus strands. 

In HCV. which is Flavi-like, the viral genome is positive stranded RNA The discovery of the great 
enrichment of negative strands of HCV RNA in monocytes relative to that in plasma, suggests tiiat 
replicative Intermediates of tiie viral genome are present in these cells. 



IV. Commercial Utility 

HCV Infected cell systems, which are infected and/or replicated In vitro, including HCV infected cell 
lines, serve as a source of viral antigens which are useful in the detection of HCV antibodies, and hence in 
tfie diagnosis and tfie screening of biological materials Oncluding blood) for HCV. These antigens also may 
have use in ttie preparation of vaccines for the treatment (prophylactic and/or therapeutic) of viral infections. 

In addition, ttiese cell systems are useful in the saeening of anti-viral agents directed at preventing 
HCV replication, including antibodies which can neutralize Infection or mediate antibody-dependent cellular 
cytotoxicity (ADCC). 

While tfie invention has been described above by way of Illustration, ttie present Invention is not limited 
tfiereto and its scope Is to be defined by tfie appended claims and tfie equivalents tfiereof. All of tfie 
references cited above are incorporated by reference herein. 
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Claims 



1. A cell line infected with HCV. 

2. The cell line of claim 1, wherein the cells in the cell line are mononuclear cells, 
s 3. The cell line of claim 2. wherein the mononuclear cells are lymphocytes. 

4. The cell line of claim 3, wherein the lymphocytes are B lymphocytes. 

5. The cell line of claim 3, wherein the lymphocytes are T lymphocytes. 

6. The cell line of claim 2. wherein the mononuclear cells are macrophage precursor cells. 

7. The cell line of claim 1. wherein the cells are mononuclear cells comprised of an antigen selected from 
10 the group of antigens CD1 , CD2. CD3, CD4, CDS, CDS, CD7, and CDS. 

8. The cell line of claim 1, wherein the cells are mononuclear cells selected from the group consisting of 
stem cells derived from the bone marrow, monoblasts, promonocytes, monocytes, and macrophages. 

9. The cell line of claim 8, wherein the macrophages are selected from the group consisting of histocytes, 
alveolar macrophages, pleural macrophages, peritoneal macrophages, Kupffer cells, osteoclasts, synovial 

75 type A cells, fixed tissue macrophages, exudate macrophages, activated macrophages, elicited macro- 
phages, epitheloid cells, and precursor cells from which these cells are derived. 

10. The cell line of claim 1, wherein the cells are derived by infection of a cell selected from the group of 
cell lines B95-8, DAKIKI, LTR228. Mo-B, SC-1. WIL2-NSIa2. BL-3, UC 729-6. Namalwa. U-937, Ramos (RA- 
1), BCLi clone 5Bib, MC/CAR. IA2, YB2rt). CA3-F4. SHM-D33. CW1 3.20-3B3. BC9-E%, WM-115. WM 266- 

20 4. WEHI-231, WEHI-279, NFS-1.0 C-1,THP-1. WEHI-274, 12pk-3, NFS-70 C-10. NFS-25 C-3, CTLL-2, HuT 
102, DiaG4.1, LBRM-33 clone 4A2, HuT78, CI.Lyr2-/9, UCD-MLA-144, 6T-CEM 20, 6T-CEM. CCRF- 
CEM. H9/HTLV-1IIB, CCRF-CEM; CCRF-HSB-2. CEM-CM3. Mo. MOLT-3, MOLT-4. BW5147.3, 
BW5147.G.1.4, CI 498. RAW8.1. CTLL-2, and BW5147.G.1.4.0UA« 1. 

11. A composition for the detection of an anti-HCV antibody comprised of an HCV antigen from an In vitro 
25 cell infected with HCV. wherein the antigen is affixed to a solid substrate, and wherein the antigen is 

immunologically reactive with said anti-HCV antibody. 

12. A composition according to claim 11, wherein the composition is comprised of a lysate of cells from the 
cell line of claim 1 . 

13. A composition according to claim 11, wherein the composition is comprised of a lysate of HCV from the 
30 cell line of claim 2. 

14. A composition according to claim 11. wherein the composition is comprised of a lysate of HCV from 
celts selected from the cells of claim 7, claim 8, claim 9, and claim 10. 

15. A composition according to claim 11, wherein the composition is comprised of a cell of claim 1 affixed 
to a solid substrate. 

35 16. A composition according to claim 11, wherein tiie composition is comprised of a cell of claim 2 affixed 
to a solid substrate. 

17. A mettiod for screening for an agent which inhibits HCV replication comprising: 

(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV; 

40 (c) providing a composition comprised of infective HCV; 

(d) incubating tine compositions of (a) and (c) with the cell line of (b) under conditions which would, in ttie 
absence of (a) allow infection of and replication of HCV in the cell line; and 

(e) detecting an inhibition of viral replication after tiie Incubating in (d). 
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SEQUENCE OF THE HCV cDNA SENSE STRAND 



(AS DEDUCED FROM OVERLAPPING CLONES bll4a/18g/ 

ag30a/CA205a/CA290a/CA216a/pil4a/CA167b/CA156e/ 

CA84a/CA59a/K9-l/26j/13i/12f/14i/llb/7f/7e/8h/ 

33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/ 

39c/35f/19g/26g/15e/b5a/l6jh) 



CACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAGAA 
AGC6TCTAGCCATGGCGTTAGTATGAGTGTCGTGCA6CCTCCAGGACCCCC 
CCTCCCGGGAGAGCCATAGTGGTCTGCG6AACCGGTGAGTACACC6GAATT 
GCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCTGGAGAT 
TTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGGGTCGCGAAAG 
GCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGA6-300 

(Putative initiator methionine codon) 



GTCTC6TAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAAAAAAAA 

CAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGG 

TCA6ATC6TTGGT6GAGTTTACTTGTTGCC6CGCAGGGGCCCTA6ATTGGG 

T6T6C6C6C6AC6AeAAAGACTTCCGAGCG6TCGCAACCTC6AG6TAGACG 

TCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCC 

CGGGTACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGC-600 

GGGATGGCTCCT6TCTCCCCGTGGCTCTCGGCCTAGCTGGGGCCCCACAGA 

CCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTG 

CGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGG 

AGGCGCTGCCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGACGGCGT 

GAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCT 

GGCCCT6CTCTCTT6CTTGACTGTGCCCGCTTCGGCCTACCAAGT-900 

GCGCAACTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAG 

TATTGTGTACGAGGCGGCCGATGCCATCCTGCACACTCCGGGGTGOGTCCC 

TTGCGTTCGT6AGGGCAACGCCTCGAGGTGTTGGGTGGCGATGACCCCTAC 

GGTG6CCACCAGGGATG6CAAACTCCCCGCGACGCAGCTTCGAC6TCACAT 

CGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGA 

CCTATGCGGGTCTGTCTTTCTTGTCGGCCAACTGTTCACCTTCTC-1200 

TCCCA6GC6CCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCG6 

CCATATAACGGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCC 

TACGACG6CGTTG6TAATGGCTCAGCTGCTCCGGATCCCACAAGCCATCTT 

G6ACAT6ATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATA6CGTATTT 

CTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGC 

CGGCGTCGAC6CGGAAACCCACGTCACCGGGGGAAGTGCCGGCCA-1500 

CACTGTGTCTG6ATTTGTTA6CCTCCTC6CACCAGGCGCCAAGCA6AACGT 

CCAGCTGATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAA 

CTGCAATGATAGCCTCAACACCGGCTGGTTGGCAGGGCTTTTCTATCACCA 

CAAGTTCAACTCTTCAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCT 

TACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGG 

CCCCGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTG-1800 

FIG. I -I 
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CGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCACTCC 

CAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAG 

CT6G66T6AAAAT6ATACGGACGTCTTCGTCCTTAACAATACCAG6CCACC 

GCTGGGCAATTGGTTCGGTT6TACCTGGAT6AACTCAACTGGATTCACCAA 

AGTGTGCGGA6CGCCTCCTTGTGTCATCGGAG6GGCGGGCAACAACACCCT 

GCACTGCCCCACTGATTGCTTCCGCAA6CATCCGGACGCCACATA-2100 

CTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCGACTA 

CCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAA 

AATCAG6ATGTACGT6GGAGGG6TCGAACACAGGCT6GAAGCTGCCTGCAA 

CTGGAC6CGGGGCGAACGTTGC6ATCTGGAAGACAGGGACAGGTCCGAGCT 

CAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTT 

CACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCA-2400 

GAACATTGTG6ACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCGCGTC 

CTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGA 

C6C6CGCCTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGA 

GGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGAC 

GCACGGTCTTGTATCCTTCCTCGTGTTCTTCPGCTTTGCATGGTATTTGAA 

GGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGAT6TG-2700 

6CCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGA 

CACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGC 

6CTGACTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGT6 

6CTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCC 

CXCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGC 

TGTACACCCGACTCTGGTATTTGACATCACCAAATTGCT6CTGGC-3000 

CGTCTTCG6ACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAA6TACCCTA 

CTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGAT 

GATCGGAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTAC 

TGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAA 

CGGCTTGC6AGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAAT 

GGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGG-3 3 0 0 

TGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGATACT 

GCTCGGGCCA6CCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCC 

CATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCAC 

CAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGT 

GTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATG6GGTGTGCTG 

GACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAA-3600 

GGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGGGCTG 

SS?S™^^^^^^''^°^^^^^TTGACACCCTGCACTTGCGGCTCCTC 

GGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCG 

GGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAA 

AGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGG6CACGCCGTGGGCAT 

ATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGA-3900 

CTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCAC 

GGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCT 

CCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGC 

A6CTCAGGGCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACT 

SfS2HISSJ?*^''^^^°^^^°<5CTCATGGGATCGATCCTAA(»TC^^ 

GACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTC-4 200 



FIG. I -2 
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CACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTC6GGGGGCGCTTATGA 

CATAATAATTTGTGACGA6TGCCACTCCACGGATGCCACATCCATCTT6GG 

CATC6GCACT6TCCTT6ACCAA6CA6A6ACT6CGGGGGCGAGACT6GTT6T 

6CTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACAT 

C6AG6AGGTT6CTCT6TCCACCACCGGAGA6ATCCCTTTTTACGGCAAGGC 

TATCCCCCTC6AAGTAATCAAGGGGGG6AGACATCTCATCTTCTG-4500 

TCATTCAAA6AA6AAGTGC6ACGAACTC6CCGCAAAGCTGGTCGCATTGGG 

CATCAATGCCGTGGCCTACTACCGCGGTCTTGACGT6TCCGTCATCCCGAC 

CAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 

CGGCGACTTCGACTC6GTGATAGACTGCAATACGTGT6TCACCCAGACA6T 

CGATTTCAGCCTTOACCCTACCTTCACCATTGAGACAATCACGCPCCCCCA 

GGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGG-4800 

GAAGCCA6GCATCTACA6ATTTGTGGCACC6GGGGA6CGCCCCTCCG6CAT 

GTTCGACTCGTCCGTCCTCTGTGAGTGCTAT6ACGCAGGCTGTGCTTGGTA 

TGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACAC 

CCC6GGGCTTCCC6TGTGCCAGGACCATCTTGAATTTTGGGAGGGC6TCTT 

TACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGA6 

TGGG6AGAACCTTCCTTACCTGGTAGCGTACCAAGCCACC6TGTG-5100 

CGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTT 

GATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCT6CTATACAGACT 

GGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 

CATGACATGCATGTCGGCCGACCTGGAGGTCGTCAC6AGCACCTGGGTGCT 

CGTTG6<:XK5CGTCCSrGGCTGCTTTGGCCGC6TATTGCCTGTCAACAGGCTG 

CGTGGTCATAGTGGGCA66GTCGTCTTGTCCGGGAAGCC6GCAAT-5 400 

CATACCTGACAGGGAAGTCCTCTACCGAGA6TTCGATGAGATGGAAGAGTG 

CTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 

CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGT 

TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGG6C 

GAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTC 

AAC6CTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTAC-5700 

AGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACAT 

ATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGC 

CTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGG 

GAAGGTCCTCATA6ACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGA6C 

TCTTGTGGCATTCAAGATCAT6AGCGGTGAGGTCCCCTCCACG6AGGACCT 

GGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGT-6000 

CGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCG6GCGAGG6 

GGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCA 

TGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC 

TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCA 

GTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGG6A 

CATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTG-6300 

GCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTG 

CCAGCGCGG6TATAA66GGGTCTG6CGAGTG6ACGGCATCAT6CACACTC6 

CT6CCACTGTG6AGCT6AGATCACTGGACAT6TCAAAAACGGGACGATGAG 

GATCGTCGGTCCTAGGACCTGCAGGAACATGTG6AGTGGGACC?rTCCCCAT 

TAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACAC 

GTTCGCGCTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAG-6600 

FIG. 1-3 
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GCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTCAA 

ATGCCCGTGCCAG6TCCCATCGCCCGAATTTTTCACAGAATTGGACGGG6T 

GCGCCTAa^TAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGT 

ATCATTCAGAGTAGGACTCCACGAATACCCGGTAGG6TCGCAATTACCTT6 

CGA6CCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTC 

CCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATC-69 00 

ACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCT 

CAA6GCAACTTGCACCGCTAACCAT6ACTCCCCTGATGCTGAGCTCATA6A 

GGCCAACCTCCTATGGAGGCAG6AGATGGGCG6CAACATCACCAGGGTTGA 

GTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCC6CTTGTGGCGGA 

GGA66ACGAGCGGGAGATCTCC6TACCCGCAGAAATCCF6CGGAAGTCTCG 

GAGATTC6CCCAGGCCCTGCCCGTTTGGGCGC6GCCGGACTATAA-7200 

CCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCT6TGGT 

CCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCG 

GAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGC 

CGAGCTC6CCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGG 

CGACaATACGAa^CATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGA 

CTCCGACGCTGA6TCCTATTCCTCCATGCCCCCCCTGGAGG66GA-7 500 

6CCTGGGGATCCGGATCTTAGCGACGGGTCATG6TCAACG6TCAGTAGTGA 

GGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGG 

CGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGC 

ACTAAGOkACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTC 

ACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACAGACTGCAAGT 

TCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGC-7800 

GGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCAGCCT 

GACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGT 

CCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGA 

CCTTCTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAA 

CGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCT 

CATCGTGTTCCCCGATCTGGGCGTGCGCGTGTGCGAAAAGATGGC-8100 

TTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTA 

CGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTG 

GAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGA 

CTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAATG 

TTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGA6AG 

GCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTG-84 0 0 

CGGCTATCGCAGGTGCCGCGCGAGCGGCGTACT6ACAACTAGCTGTGGTAA 

CACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGG6CT 

CCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTA6TCGTTATCTGTGA 

AAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGA6GC 

TATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGA 

CTTGGAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCA-8700 

CGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCC 

CCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTG 

GCTAGGCAACATAATCATGTTT6CCCCCACACTGTGGGCGAGGATGATACT 

GATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGC 

CCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATA6AACCACTT6ATCT 

ACCTCCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACT-9000 

FIG. 1-4 
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CCACAGTTACTCTCCAGGTGAAATTAATAGGGTGGCCGCATGCCTCAGAAA 
ACTTGGGGTACCGCCCTTGCGAGCTTGGAGACACCGGGCCCGGAGCGTCCG 
C6CTA66CTTCT66CCAGAG6A6GCAG6GCTGCCATATGT6GCAAGTACCT 
CTTCAACTGGGCAGTAAGAACAAA6CTCAAAC 

FIG. 1-5 
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Description 

Technical Field 

s The invention relates to in vitro cell systems for the replication of a virus; more specifically, it relates to cell lines 

in which an etblogic agent of non-A non-B hepatitis (NANBH). hepatitis C virus (HCV) will replicate. 
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Non-A. Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believed to be viral- 
induced, and that are distinguishable from other forms of viral-associated liver diseases, including that caused by the 
known hepatitis viruses, i.e.. hepatitis A virus (HAV). hepatitis B virus (HBV), and delta hepatitis virus (HDV), as well 
as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus (EBV). NANBH was first identified in transfused 
individuals. Transmission from man to chimpanzee and serial passage in chimpanzees provided evidence that NANBH 
is due to a transmissible infectious agent or agents. A viral agent. HCV. has been identified as an etiologic agent of 
55 NANBH. 

The demand for sensitive, specific methods for screening and identifying carriers of NANBV and NANBV contam- 
inated blood or blood products is significant. Post-transfusion hepatitis (PTH) occurs in approxinnately 1 0% of transfused 
patients, and NANBH accounts for up to 90% of these cases. The major problem in this disease is the frequent pro- 
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gression to chronic iiver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by blood and blood products or by close personal 
contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and antibodies related to 
NANBV. In addition, there is also a need for effective vaccines and immunotherapeutic therapeutic agents for the 
prevention and/or treatment of the disease. EP-A-318 21 6 provides a family of cDNA sequences derived from Hepatitis 
C virus. 

Tissue culture cells infected with an etiologic agent which causes NANBH would provide a source of viral polypep- 
tides which could be used for immunoassays and/or for vaccines. In addition, they could be useful in drug.screening 
programs in the development of antiviral agents for treating the disease. 

Immortalized human or non-human primate cell lines which are derived from liver, and are purportedly infected 
with an etiologic agent causitive of NANBH have been reported in WO/B7/05930. filed 1 April 1987. and published 8 
October 1987. These cell lines are reportedly non-lymphocytic in nature. In addition, it has not been established that 
the agent which replicates in these cells is causitrve of the disease. 

It has also been reported that a preparation of mononuclear leukocytes, which purportedly were mainly lym- 
phocytes, isolated from a patient with NANBH, caused NANB when infused into a susceptible chimpanzee. Hellings 
et al. ( 1 985). However, proof of NANBH infection was indirect, in that it rested primarily on morphological and histological 
changes in the purportedly infected chimpanzee. Moreover, only one of the two chimpanzees receiving the blood cells 
was purportedly infected. 

Disclosure of the Invention 

The present invention is directed to cells that may be used to propagate HCV in culture. The present invention is 
also directed to viral antigens produced by such cultures, and use such antigens, for example, in diagnostics. 

Accordingly, one aspect of the invention is a cell line infected with HCV, wherein the cells in the cell line are B 
lymphocytes or T lymphocytes and are capable of replicating HCV. 

Another aspect of the inventbn is a method of preparing a composition for the detection of an anti-HCV antibody 
which comprises: purifying or partially purifying HCV virus particles or polypeptides from a cell line of the invention; 
and fixing said particles or polypeptides to a solid phase. 

The composition prepared by the invention may be used in an immunoassay for detecting antibodies directed 
against an HCV antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies with an HCV antigen produced by an in vitro 
cell line, under conditions which allow the formation of an antibody-antigen complex; and 

(b) detecting the antibody-antigen complex containing the HCV antigen. 

Another aspect of the invention is a method for screening for an agent which inhibits HCV replication comprising: 

(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV; 

(c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the cell line of (b) under conditions which would, in the absence 
of (a) allow infection of and replication of HCV in the cell line; and 

(e) detecting an inhibition of viral replication after the incubating in (d), wherein the cells in the cell line of (b) are 
B lymphocytes or T lymphocytes. 

Still another application of the invention is a method for proliferating virus comprising growing in culture HCV 
infected cells. 

Brief Description of the Drawings 

Figure 1 shows a composite sequence of the HCV cDNA sense strand derived from HCV strain HCV1 . 
Figure 2 shows the nucleotide sequence of HCV cDNA clone 35, and the amino acids encoded therein. 

Modes for Carrying Out the Invention 

I. Definitions 



The term 'hepatitis C virus" has been resen/ed by workers in the field for an heretofore unknown etiologic agent 
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of NANBH. Accordingly, as used herein, 'hepatitis C virus" (HCV) refers to an agent causative of NANBH, which was 
formerly referred to as N ANBV and/or BB-N ANBV. The terms HCV. NANBV, and BB-NANBV are used interchangeably 
herein. As an extension of this terminology, the disease caused by HCV. formerly called NANB hepatitis (NANBH), is 
called hepatitis C. The terms NANBH and hepatitis C may be used interchangeably herein. 

The term 'HCV, as used herein, denotes a viral species of which pathogenic strains cause NANBH. and attenuated 
strains or defective interfering parities derived therefrom. The HCV genome is comprised of RNA. It is known that 
RNA containing vinjses have relatively high rates of spontaneous mutation, i.e.. reportedly on the order of 10-3 to lO^* 
per incorporated nucleotide (Fields & Knipe (1986)). Therefore, there can be multiple strains, which may be virulent or 
avirulent, within the HCV species. It Is believed that HCV is a Flavi^ike virus. The morphology and composition of 
Flaviviojs particles are known, and are discussed in Brinton (1 986). Generally, with respect to morphology, Flavivlruses 
contain a central nucleocapsid surrounded by a lipid bilayer. Virions are spherrcal and have a diameter of about 40-50 
nm. Their cores are about 25-30 nm in diameter. Atong the outer surface of the virion envelope are projections that 
are about 5-10 nm long with temninal knobs about 2 nm in diameter 

cDN As to the genome of a strain of HCV. denoted HCV1 , are described in EP-A-388 232. See also EPO Publication 
No. 0 318 216 and PCT App. No. USe8/04125. A composite sequence of the HCV cDNA sense strand is shown in 
Figure 1. Different strains or isolates of HCV are expected to contain variations at the amino ackJ and nucleic acids 
levels compared with HCV1 . Many isolates are expected to show much (i.e., more than about 40%) homotogy in the 
total amino acid sequence compared with HCV1. However, it may also be found that other less homologous HCV 
isolates wou W be defined as HCV strains according to various criteria such as an ORF encoding a polyprotein similar 
in size to that of HCV1 , an encoded polyprotein of similar hydrophobk; and antigenic character to that of HCV1 . and 
the presence of co-linear peptide sequences that are consented with HCV1 . 

HCV encodes at least one epitope which is immunologically identifiable with an epitope encoded in the HCVI 
genome. The epitope is unique to HCV when compared to other known Flavivlruses. The uniqueness of the epitope 
may be determined by its immunological reactivity with anti-HCV antibodies and lack of immunotogical reactivity with 
antibodies to other Flavivirus species. Methods for determining immunological reactivity are known in the art, for ex- 
ample, by radioimmunoassay, by ELISA assay, and by hemagglutination. Examples of suitable techniques for deter- 
mining immunological reactivity of HCV epitopes are described in EP-A-388 232. in Choo et al. (1989), and in Kuo et 
al. (1989). 

In addition to the above, the following parameters of nucleic acid homotogy and amino acid homology are appli- 
cable, either alone or in combination, in identifying a strain or isolate as HCV Since HCV strains and isolates are 
evoluttonarily related, it is expected that the overall homology of the genomes at the nucleotide level probably will be 
about 40% or greater, probably about 60% or greater, and even more probably about 80% or greater; and in additton 
that there will be corresponding contiguous sequences of at least about 1 3 nucleotkJes. The correspondence between 
the putative HCV strain genomic sequence and the HCVI cDNA sequence can be determined by techniques known 
in the art. For example, they can be determined by a direct comparison of the sequence information of the polynucleotrcle 
from the putative HCV, and the HCVcDNA sequence(s) described herein. For example, also, they can be determined 
by hybridization of the polynucleotides under conditions which form stable duplexes between homologous regtons (for 
example, those which would be used prior to S^ digestton), foltowed by digestion with single stranded specific nuclease 
(s), followed by size determination of the digested fragments. 

Because of the evolutksnary relationship of the strains or isolates of HCV putative HCV strains or isolates are 
Identifiable by their homology at the polypeptide level. Generally, HCV strains or isolates are expected to be more than 
about 40% homologous, probably more than about 70% homotogous, and even more probably more than about 80% 
homotogous, and some may even be more than about 90% homologous iat the polypeptkJe level. The techniques for 
determining amino acid sequence homology are known in the art. For example, the amino acid sequence may be 
determined directly and compared to the sequences provided herein. Alternatively the nucleotkie sequence of the 
genomic material of the putative HCV may be detemiined (usually via a cDNA intermediate), the amino acid sequence 
encoded therein can be determined, and the corresponding regions compared. 

As used herein, a polynucleotide 'derived from" a designated polynucleotide sequence refers to a polynucleotide 
sequence which is comprised of a sequence of approximately at least about 6 nucleotides, preferably at least about 8 
nucleotides, more preferably at least about 10-12 nucleotkJes. and even more preferably at least about 15-20 nucle- 
otides corresponding to a regton of the designated nucleotide sequence. 'Corresponding" means homologous to or 
complementary to the designated sequence. Preferably, the sequence of the region from which the polynucleotide is 
derived is homologous to or complementary to a sequence which is unique to an HCV genome. Whether or not a 
sequence is unk^ue to the HCV genome can be determined by techniques known to those of skill in the art. For example, 
the sequence can be compared to sequences in databanks, e.g.. Genebank, to determine whether it is present in the 
uninfected host or other organisms. The sequence can also be compared to the known sequences of other viral agents, 
including those which are known to induce hepatitis, e.g. , H AV, HBV, and HDV, and to other members of the Flavivirkiae.' 
The correspondence or non-correspondence of the derived sequence to other sequences can also be determined by 
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hybridization under the appropriate stringency condltfons. Hybridization techniques for determining the complementa- 
rity of nucleic acid sequences are known in the art. and are discussed infra. See also, for example, Maniatis et al. 
(1982). In addition, mismatches of duplex polynucleotides formed by hybridization can be determined by known tech- 
niques, Including for example, digestion with a nuclease such as S1 that specifically digests single-stranded areas in 

s duplex polynucleotides. Regions from which typical DNA sequences may be "derived* include but are not limited to, 
for example, regions encoding specific epitopes, as well as non-transcribed and/or non-translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, but may be 
generated in any manner, including for example, chemical synthesis or DNA replicatton or reverse transcriptfon or 
transcription. In addition, combinations of regions corresponding to that of the designated sequence may be modified 

10 in ways known in the art to be consistent with an intended use. 

The term 'polynucleotide' as used herein refers to a polymerk: form of nucleotkies of any length, either ribonucle- 
otides or deoxyribonucieotides. This term refers only to the primary structure of the molecule. Thus, this term includes 
double- and single-stranded DNA. as well as double- and single stranded RN A. It also includes modified, for example, 
methylation capping and/or by other modificatbns known in the art, including the substitution of an analog for one or 

IS more of the naturally occurring nucleotide bases, as well as unmodified forms of the polynucleotide. 

The term 'purified viral polynucleotide' refers to a viral genome or fragment thereof which is essentially free, i.e.. 
contains less than about 50%, preferably less than about 70%, and even more preferably less than about 90% of 
polypeptides with which the viral polynucleotkie is naturally associated. Technk^ues for purifying viral polynucleotides 
from viral particles are known in the art. and include for example, dismption of the particle with a chaotropic agent, 

20 differential extractton and separatbn of the polynucleotide(s) and polypeptides by ton-exchange chromatography, af- 
finity chronnatography, and sedimentation according to density. 

An 'open reading frame' (ORF) is a regon of a polynucleotide sequence which encodes a polypeptide; this region 
may represent a portion of a coding sequence or a total coding sequence. 

A 'coding sequence' is a polynucleotide sequence which Is transcribed into mRN A and/or translated into a polypep- 

?5 tide when placed under the control of appropriate regulatory sequences. The boundaries of the coding sequence are 
determined by a translation start codon at the S'-tenninus and a translation stop codon at the 3'-terminus. A coding 
sequence can include, but is not limited to mRNA, cDNA. and recombinant polynucleotide sequences. 

■Immunologically identifiable with/as" refers to the presence of epttope(s) and potypeptides(s) which are also 
present in the designated polypeptide(s). usually HCV proteins. Immunotogical identity may be detemnined by antibody 

30 binding and/or competition in binding; these technk^ues are known to those of average skill in the art, and are also 
illustrated inffa. 

As used herein, 'epitope' refers to an antigenic detemninant of a polypeptide; an epitope could comprise 3 or more 
amino acids in a spatial conformation whwh is unique to the epitope. Generally an epitope consists of at least 5 such 
amino acids, and more usually, consists of at least 8-10 such amino acids. Methods of determining the spatial confor- 
mation of amino acids are known in the art, and include, for example. X-ray crystallography and 2-dimensional nuclear 
magnetic resonance. 

A polypeptide is "immunologically reactive' with an antibody when it binds to an antibody due to antibody recognitton 
of a specific epitope contained within the polypeptide. Immunotogical reactivity may be determined by antibody binding, 
more particulariy by the kinetics of antibody binding, and/or by competition in binding using as competitor(s) a known 
w polypeptide(s) containing an epitope against which the antibody is directed. The techniques for determining whether 
a polypeptide is immunologically reactive with an antibody are known in the art. 

As used herein, the term "immunogenic polypepttoe" refers to a polypeptkle that elicits a cellular and or humoral 
response, whether alone or when linked to a carrier in the presence or absence of an adjuvant. 

The term 'polypeptide" refers to a polymer of amino acids and does not refer to a specific length of the product; 
^ thus, peptkles, oligopeptides, and proteins are included within the definitton of polypeptide. This term also does not 
refer to or exclude post-expression modifications of the polypeptkie. for example, glycosylations, acetylations, phos- 
phorylations and the like. 

An "individual", as used herein, refers to vertebrates, particularly members of the mammalian species, and includes 
but is not limited to domestic animals, sports animals, and primates, including humans. 
'0 As used herein, the "sense strand" or "plus strand" of a nuciek; acto contains the sequence that has sequence 

homotogy to that of mRNA. The "antisense strand' or 'minus strand' contains a sequence which is complementary to 
that of the 'sense strand" or "plus strand". 

As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or DNA. is 
single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA viruses include Toga- 
« viridae, Coronaviridae, Retroviridae, Picomaviridae. and Caltoiviridae. Included also, are the Flavivirtoae. which were 
formerly classified as Togaviradae. See Fields & Knipe (1 986). 

As used herein, a "repltoative intermediate" of an HCV genome refers to an RNA strand or fragment thereof, which 
is complementary to the viral genome, and which is synthesized during the course of viral replicatton; the replicative 
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intermediate functions as a template for the synthesis of positive RNA strands. 

As used herein, "purified HCV refers to a preparation of HCV which has been isolated from the cellular constituents 
with which the virus is normally associated, and from other types of viruses which may be present in the infected tissue. 
The techniques for isolating viruses are known to those of skill in the art, and include, for example, centrifugatton and 
s affinity chromatography; a method of preparing purified HCV is discussed infra. 

As used herein, a *bk>logical sample' refers to a sample of tissue or fluid isolated from an individual, including but 
not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external sections of the skin, respiratory, intes- 
tinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs, and also samples of in vitro cell culture 
constituents (including but not limited to conditioned medium resulting from the growth of cells in cell culture medium, 
10 putatlvely virally infected cells, recombinant cells, and cell components). 

The term "oligonucleotide", as used herein, refers to primers, probes, oligomer fragments to be detected, oligomer 
controls and unlabeled blocking oligomers, and is defined as a molecule comprised of three or more deoxyribonucle- 
otides or ribonucleotkies, typically contains more than four, typically a maximum of about 100 nucleotkjes. Its exact 
size will depend upon many factors, which in turn depend on the ultimate function or use of the oligonucleotkie, 
'5 The term "primer", as used herein, refers to an oligonucleotide whch is capable of acting as a point of initiation of 
polynucleotide synthesis along a complementary strand when placed under conditions in which synthesis of a primer 
extension product whteh is complementary to a polynucleotide is catalyzed. Such condrttons include the presence of 
four different nucleotide triphosphates or nucleoside anatogs and an agent for polymerization such as DNA polymerase 
or reverse transcriptase, in an appropriate buffer ("buffer" includes substituents whteh are cofactors, or which affect 
20 pH, ionic strength, etc.). and at a suitable temperature. 

As used herein, the term "target region" refers to a region of the nuciek: acid which is to be amplified and/or detected. 
As used herein, the term "probe" refers to a polynucleotide or oligonucleotide which fomis a hybrid structure with 
a sequence in a target region, due to complementarity of at least one sequence in the probe with a sequence in the 
target region. Preferably the probe, however, does not contain a sequence complementary to sequence(s) used to 
2S prime the polymerase chain reaction. 

As used herein, the term "thenmostable nucleotide polymerase" refers to an enzyme whkih is relatively stable to 
heat when compared to nucleotide polymerases from E co// and which catalyzes the polymerization of nucleotides. 
Generally, the enzyme will initiate synthesis at the 3'-end of the target sequence utilizing the primer, and will proceed 
in the 5'-direction along the template until synthesis terminates. A representative themriostable enzyme isolated from 
30 Thermus aquaticus (Taq), and method for using it is described in Saiki et al. (1 988). 

As used herein, the temi Viral RNA", which includes HCV RNA» refers to RNA from the viral genome, fragments 
thereof, transcripts thereof, and mutant sequences derived therefrom. 

As used herein, "cell line" refers to a propagated culture of cells after the first subculture, thus there are various 
embodiments including but not limited to individual cells, han^ested cells, and cultures containing cells so long as these 
35 are are derived from cells of the cell line referred to. By "derived" is meant progeny or issue. It is further known in the 
art that spontaneous or induced changes can occur in karyotype during storage or transfer Therefore, cells derived 
from the cell line referred to may not be precisely identical to the ancestral cells or cultures, and the cell line referred 
to includes such variants. The temn "cell lines" includes immortalized cells. Preferably, cell lines exclude cells which 
are derived by the hybridization of three cell types, for example, a trioma. 
40 As used herein, an "in vitrei cell system refers to cells which have replicated in vitro, thus the temi includes primary 

cultures and cell lines. 

As used herein, the term "blood cell" refers to cells found either circulating in the blood, in tissue, or in bone marrow 
and includes cells of the myelocyte series, the monocytic series, the megakaryocyte series, the erythrocytic series, 
the lymphocytic series, and the plasmocytk; series. The morphology by whrch these cells can be distinguished is dis- 
^ cussed in THE MORPHOLOGY OF HUMAN BLOOD CELLS (1 985). 

As used herein, the term "peripheral blood cell" refers to a cell found circulating in the btood, and refers generally 
to eosinophils, neutrophils (both band and segmented), basophils, nrranocytes. thrombocytes, erythrocytes, lym- 
phocytes, and plasmocytes. 

As used herein, the term "leukocyte" refers to to a heterogeneous group of blood cell types which includes every- 
50 thing except erythrocytes and platelets. 

As used herein, the term "lymphocyte" refers to a spherical cell, 6-1 2 jim in diameter, involved in immune responses, 
with a large, round, and deeply staining nucleus and very little cytoplasm. Lymphocytes include B lymphocytes and T 
lymphocytes. 

As used herein, "B lymphocytes" are vertebrate white blood cells whfch, when mature, are involved in the production 
ss of antibody. Mature virgin B lymphocytes (i.e., those that have not encountered antigen) are characterized by the 
presence of the following surface nnarkers: monomeric IgM receptors for antigen, Fc receptors for IgG; and receptors 
for the activated form of C3b component of complement. 

Precursor B lymphocytes lack immunoglobulin products but may express other characteristic molecules that can 
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be identified by specific monoclonal antibodies. These cells divide and undergo rapid transition to become large lym- 
phoblasts with cytoplasmic u heavy chains but no light chains. The pre-B cell phenotype (cytoplasmic u chain +, light 
chain surface Ig) can first be demonstrated in lymphoblasts actively engaged in DNA synthesis. Human pre-B cells 
express HLA-DR molecules on their surface and may also express receptors for the C3b complement fragment. How- 

s ever, they lack Fc recpetors for IgG and have very few C3d/EBV receptors. Precursor B lymphocytes can also be 
recognized by their capacity to bind peanut agglutinin. 

Mature B lymphocytes may be either activated or resting. Activated 8 cells express several types of molecules 
that are not detected on resting B cells. TTiese marker nrwiecules are known by those of skill in the art, and include, 
for example, interleukin-2 (IL-2) receptors, and transferrin receptors (the latter are expressed by all kinds of dividing 

10 cells). Activaton of B cells provokes loss of membrane IgD, and both FCy and C3b receptors are diminished on external 
membranes, whereas those for C3d/Epstein Ban- Virus (EB)V are not significantly affected. 

After antigen or mitogen stimulatkxi, 8 lymphocytes may proceed along either of 2 branches of a differentiation 
pathway. They can differentiate into plasma cells, or they can divide and then retum to a resting state as memory B 
cells. Memory B cells have had a loss of IgD during activatbn; this rrxjlecule is not resynthesized by cells entering the 

IS memory cell pool. 

'Plasma cells" are terminally differentiated B lymphocytes. These cells are of ovoid shape, with an eccentrc spoke- 
wheel nucleus, and intensely basophilic cytoplasm. When stained with fluorochrome-iabeled antibodies to immunoglob- 
ulin determinants, fixed plasma cells display intense fluorescence throught their cytoplasm. Membrane-bound immu- 
nogtobulin and DR nx>lecules are scant, and receptors for Fc^ C3b. C3d, or EBV are generally undetectable. 

20 A 'plasmablasf is both morphokjgically and functionally between the activated lymphocyte (also called B lym- 
phoblast) and plasma cell stages. The cells are large, with a greater nuclearcytoplasmic ratio than plasma cells. Mem- 
brane-bound immunogbbulins and FCy receptors are present. 

As used herein, a "T lymphocyte" is a thymus-derived cell whfch may participate in a variety of cell-mediated 
immune responses. There are a variety of types of T lymphocytes, which are distinguishable by their function, and by 

25 their cell surface markers. Methods for distinguishing the classes of T lymphocytes, which include those of the T "helper" 
and T "suppressor" types are known in the art For example, nrKjnoclonal antibodies can be used to detect cell surface 
antigens, including the CD (cluster of differentiatwn) antigens. The T cell types marked by the CD antigens, and mon- 
oclonal antibodies which detect the specific antigens are shown in Table 1 . 
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As used herein, "large granular lymphocyte* (LGL). also called natural killer (NK) cells, are another type of lym- 
phocyte. These cells comprise a discrete population of large lymphocytes that can be distinguished morphologic fea- 
tures, for example, by characteristic azurophilic granules in their cytoplasm. In addition, LGL can be identified by meth- 
ods which utilize specific monoclonal antibodies. Several monoclonal antibodies are available that detect either Fc 
receptors (Leu 11) or specific differentiation antigens (Leu 7, HNK-1, NKH-1. NKH-2) present on these cells. Some 
LGL cells also express antigens from the CD2 T cell family. Methods for functional testing are also known in the art. 
and are based on the ability of these nonimmune cells to kill special target cells, for example, erythroleukemia cell line 
K562. Methods of measuring cytotoxocity are known in the art, and Include, for example the siCr release assay. 

As used herein, "nrKXiocytes" denotes large agranulocytic leukocyte blood cells which are phagocyte. In humans, 
these cells are approximately 10-12 tim in diameter, with oval nuclei. Monocytes which are in tissue are known as 
macrophages. Monocytes/macrophages may be identified by their morphotogy. They are larger than granukx:ytes and 
most lymphocytes. They have round or kidney-shaped nuclei with fine, lightly stained granules. They may be detected 
by staining for their nonspecfic esterase, or alpha-nahthol esterase. Monoclonal antibodies directed at specific differ- 
entiation antigens are also available, and include, for example. Leu M3, and OKT Ml . The term •rrwnocytes" includes 
monoblasts and promonocytes. The cells of the mononuclear phagocyte system, and their localization, are shown in 
Table 2; methods for distinguishing the cell types are discussed in BASIC & CLINICAL IMMUNOLOGY, 6th edition. 



Table 2 



Cells of the Mononuclear Phagocyte System* 


Cells 


Localization 


Stem cells (committed) 


Bone marrow 


Monoblasts 


Bone nnarrow 


Promonocytes 


Bone nrtarrow 


Monocytes 


Bone marrow 


Macrophages 


Tissues 


Normal state, free 


Histocytes 


Connective tissues 


Alveolar macrophages 


Lung 


Pleural and peritoneal macrophages 


Serous cavities 


Normal state, fixed 


Kupffer ceils 


Liver 


Osteoclasts 


Bone 


Mk:roglial cells 


Nervous System 


Synovial type A cells 


Joints 


Fixed tissue macrophages 


Spleen, lymph nodes, bonemarrow, and other tissues 


Inflammation 


Exudate macrophages 


Any tissue 


Activated macrophages 


Any tissue 


Elicited macrophages 


Any tissue 


Epitheloid cells 


Any tissue 


Multinucleated giant celts (Langerhans types and foreign 


Any tissue 


body type) 





* Adapted from Van Furth R (editor): Mononudear Phagocytes: Functional Aspects . Martinua Niihoff. 1980. 



As used herein, the term "granulocyte" refers to a polymorphonuclear leukocyte which contains many cytoplasmic 
granules and a multilobed nucleus. Granukx:ytes include neutrophils, eosinophils, and neutrophils. Neutrophils are 
amoeboid in shape, and phagocytic, and stain with both basic and acidic dyes. Eosinophils and basophils contain 
cytoplasmic granules which stain with acid dyes and with basic dyes, respectively 

"Bone marrow cells" include both primary bone marrow tissue and bone marrow cell lines from mammals, such 
as primates and humans. Methods of culturing primary bone marrow cells in vitro are known, as well as bone marrow 
cell lines such as IM-9, KG-1 and KG-la. See, e.g.. ATCC CATALOG, supra, at 361. Primary bone marrow cells may 
include, in addition to leukocytes and lymphocytes described elsewhere herein, progenitor cells such as pleuripotent 
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stem cells. See, e.g., Civin U.S. Pat. No. 4,714,680. 
11. Description of the Invention 

5 The invention described herein allows the replication of HCV in cell lines wherein the cells are B lynnphocytes and 

T lymphocytes. In a method of the Invention, peripheral blood cells which are infected with replicating virions are de- 
tected. Preferably, the detection is accomplished by identifying replicative intermediates of the viral genome in prepa- 
rations containing HCV infected cells. Alternatively, the virions may be detected using immunoassays to detect a pop- 
ulation of HCV infected cells. Cell lines wherein the cells are B lymphocytes and T lymphocytes infected with HCV are 

10 prepared; these cell lines are usually derived from blood cells or their precursors, rnore usually are derived from mono- 
nuclear cells or their precursors. The preparation of the Infected cell line may be accomplished by a variety of methods, 
including the following. One option is to cultivate susceptible cells with concentrated culture fluids harvested from short 
term primary cultures of cells which are replicating the virus. Another option is to directly infect susceptible cells with 
isolated HCV particles. Still another option is to grow susceptible cells in contact with HCV infected cells. The suscep- 

is tible cells may be from an established cell line, or may be primary cultures. Alternatively, Infected cells from an individual 
with HCV may be fused with established cells from a cell line to produce a permanent cell line. Still alternatively, HCV 
infected blood cells isolated from an individual may be immortalized. Virions produced by the HCV infected cell lines 
are useful in immunoassays for the detection of anti-HCV antibodies, and as a substrate for the production of vaccines 
for treatment of HCV. 

20 The practice of the present invention will employ, unless otherwise indicated, conventional techniques off molecular 

biology, microbiology, hematology, cell and organ culture, recombinant DNA, and immunology, which are within the 
skill of the art. Such techniques are explained fully in the literature. See, e.g., ATCC CATALOG OF CELL LINES & 
HYBRlDO^MS, 6th edition, 1988 (American Type Culture Collection, Rockville, Md.); BASIC & CUNICAL IMMUNOL- 
OGY, 6th edition (Stites, Stobo, and Wells, eds., Appleton and Lange, Nonwalk Conn/Los Altos. Ca. 1987); Boggs and 

2S Winkelstein, WHITE CELL MANUAL, edition 4 (FA Davis Co.. Phila.. 1983); Diggs, Sturm, and Bell (1985), THE 
MORPHOLOGY OF HUMAN BLOOD CELLS (Abbott Laboratories. Abbott Park. II.); Freshney (1987). CULTURE OF 
ANIMAL CEL LS: A MANUAL OF BASIC TECHNIQUE (Alan R. Liss. Inc.. N.Y); Maniatis. Fitsch & Sambrook, MO- 
LECULAR CLONING; A LABORATORY MANUAL (1982); DNA CLONING, VOLUMES I AND II (D.N Glover ed. 1985); 
LYMPHOKINES AND INTEFERONS: A PRACTICAL APPROACH (Clemens, Morris, and Gearing, eds.. 1987); LYM- 

30 PHOCYTES: A PRACTICAL APPROACH (Klaus, ed., 1987); VIROLOGY: A PRACTICAL APPROACH (Mahy. ed., 
1985); OUGONUCLEOTiDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & S. 
J. Higgins eds. 1984); IMMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B. Perbal, A PRACTICAL GUIDE 
TO MOLECULAR CLONING (1984): the series. METHODS IN ENZYMOLOGY (Academk: Press, Inc.); GENE TRANS- 
FER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and M.P Catos eds. 1987. Cold Spring Harbor Laboratory), 

3S Methods in Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, eds., respectively), Mayer and V\telker. 
eds. (1987). IMMUNOCHEMICAL METHODS IN CELL AND MOLECULAR BIOLOGY (Academe Press, London), 
Scopes, (1987), PROTEIN PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition (Springer-Verlag, N.Y). 
and HANDBOOK OF EXPERIMENTAL IMMUNOLOGY, VOLUMES l-IV (D.M. Weir and C. C. Blackwell eds 1986). 

4^ II.A. Detection and Isolation of HCV Infected Cells from an IndivkJual 

HCV infected cells in bkjlogk^al samples are screened for the presence of HCV polypeptides or HCV polynucle- 
otides. Usually the biological samples are blood samples, ffrom which the cells infected with HCV and/or repeating 
HCV are isolated and partially purified utilizing techniques known in the art, for example, by sedimentation through 
45 Ficoll-Paque (Phamiacia Corp. ) solutions. 

The screening technique used to detect viral material must be sufficiently sensitive to detect very limited amounts. 
For example, the presence of virions may be detected by immunoassay, using antibodies directed against a virion 
polypeptide(s). A suitable antibody is described in EP-A-388 232. Methods for immunoassays, as well as methods for 
signal enhancement are known in the art 
50 The HCV genomic material, and replk:ative intermediates thereof, nnay also be detected by nucleic acid hybrkJi- 
zation. Usually the system will involve amplificatbn techniques in the hybridization assay Such techniques are known 
in the art. For example, the Enzo Biochemical Corporatbn 'Bio-Bridge' system uses terminal deoxynucleotide trans- 
ferase to add unmodified 3'-poly-dT-tatls to a DNA probe. The poly dT-tailed probe is hybrkiized to the target nucleotide 
sequence, and then to a btotin-modified poly-A. PCT application 84/03520 and EP-A-1 24221 describe a DNA hybrid- 
s' ization assay in which: (1 ) analyte is annealed to a single-stranded DNA probe that is complementary to an enzyme- 
labeled oligonucleotide; and (2) the resulting tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EP-A- 
204510 describes a DNA hybridization assay in which analyte DNA is contacted with a probe that has a tail, such as 
a poly-dT tail, an amplifier strand that has a sequence that hybridizes to the tail of the probe, such as a poly-A sequence. 
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and which is capable of binding a plurality of labeled strands. A particularly desirable technique may first involve am- 
plification of the target HCV sequences in sera until the amplified sequences are at a detectable level. This may be 
accomplished, for example, by the polymerase chain reactions (PCR) technique described by Saiki et al. (1986), by 
Mullis, U.S. Patent No. 4.683,195, and by Mullis et al. U.S. Patent No. 4.683,202. The amplified sequence(s) may then 
be detected using a hybridization assay. Hybridization assays, which should detect sequences at the level of 106/ml, 
utilize nucleic acid multimers which bind to single-stranded analyte nucleic acid, and which also bind to a multiplicity 
of single-stranded labeled oligonucleotides. A suitable solution phase sandwich assay which may be used with labeled 
polynucleotide probes, and the methods for the preparation of probes is described In EP-A-225 807, 

A preferred method for detecting HCV genomic sequences is described in the Examples. The method utilizes 
primers and probes based upon a family of cDNA replicas of portions of the HCV genome; a composite sequence of 
the cDN A plus strand derived from this family of cDN As is shown in Figure 1 . The first step in the method is the synthesis 
of a cDNA to either the HCV genome or its replicative intermediate, using reverse transcriptase. If replicative interme- 
diates are to be detected, the primer is complementary to only the negative strand of HCV RNA (i.e. the strand which 
is the replicative intermediate). After synthesis of the HCV cDNA, and prior to amplification, the RNA in the sample is 
degraded by techniques known in the art. for example, by alkali denaturation, or by treatment with an RNA specific 
RNase. 

It is anticipated that variant strains of HCV will be present in the infected cells of various individuals. Therefore the 
detection methods should be directed to constant epitopes or genomic sequences of HCV 

Utilizing the HCV/cPCR method to screen fractbns of blood cells separated on Ficoll-Paque, replicative interme- 
diates of the HCV genome were detected in a partially purified compositbn of cells derived from peripheral blood (See 
infra in the Examples). This compositk>n is comprised of lymphocytes, rrxjnocytes/macrophages, platelets, and small 
amounts of other white blood cell types. Ttie sedimentation through Ficoll-Paque fractionates these cells, which band 
to the interface, from erythrocytes and granulocytes, which are of greater density. 

Further identification of the infected cell types may be accomplished by utilizing techniques known In the art, for 
example by immunoassays which are directed to distinguish between the vartous types of blood cells. Monoclonal 
antibodies which are directed to surface epitopes on various lymphocytes, and monocytes/ macrophages are known 
in the art. TTius, HCV infected cells may be isolated and identified by immunotogic binding to specific cell surface 
antigens. 

II. B. Preparation of In vitro Infected Cell Systems 

A variety of methods may be used to prepare B lymphocyte or T lymphocyte cell lines, infected with HCV Candidate 
cells for infection and propagation in vitro can be from any of the above-mentioned cell types, such as lymphocytes or 
bone marrow cells. The discovery that replicative intermediates of the HCV genome are present in leukocytes in the 
peripheral blood of infected humans is indk:ative of the ceil type which may support viral replication in vitro, i.e., in at 
least one of the cell types in the population of leukocytes which band at the interface of a leukocyte suspensfon sedi- 
mented through Ficoll-Paque, i.e., mononucleocytes. (This procedure generally removes normal erythrocytes and gran- 
ulocytes from peripheral bkxxi samples). Further f ractionatton procedures may be used to separate the different types 
of mononucleocytes to determine the presence of HCV replicative intermediates and/or HCV antigens associated with 
these cell types. Procedures for separating different types of monocytes, e.g.. various types of lymphocytes, and mac- 
rophages, are known in the art. See. e.g., LYMPHCXJYTES: A PRACTICAL APPROACH (Klaus, ed.). These procedures 
may use nrranoctonal antibodies directed towards specific ceil types; the monoclonal antibodies may be affixed to solid 
substrates, e.g., plates with wells, or magnetic beads. Alternatively, sorting techniques, which rely upon cell sorter 
instruments may be used. The selection may be either positive or negative to enrich and/or select the desired cells in 
the populatbn of mononucleocytes. Based upon fractionation studies which isolated lymphocytes and macrophages 
from the monocyte population, it is suggested that a prefen-ed cell type for replication may be lymphocytes and/br 
macrophages/monocytes. 

Since replication of HCV occurs within mononucleocytes in vivo, it is expected that infected cell lines may be 
derived from known established cell lines of these types, many of which are available from the American Type Culture 
Collection, and which may include, for example, B ceil lines (e.g., EBV transformed B cell derived lines such as B95-8, 
DAKIKI, LTR228. Mo-B, SC-1. W1L2-NS; B cell lines such as la2. BL-3, UC 729-6. Namalwa, U-937, Ramos (RA-1), 
BCLi ctoneSBib, MC/CAR, IA2. YB2/0. CA3-F4. SHiyi-D33, CW13.20-3B3. BC9-E%. WM-115, WM 266-4. WEHI-231. 
WEHI-279. NFS-1.0 C-1); monocyte lines (e.g.. THP-1. WEHI-274.1), mouse lymphoma lines (e.g., 2pk-3), pro-B lym- 
phoblasts (e.g., NFS-70 C-10). pre-B lymphoblasts (e.g., NFS-25 C-3), T-cell derived lines (e.g., CTLL-2, HuT 102. 
D10.G4.1 , LBRM-33 clone 4A2, HuT78. CI.Ly1+^/9. UCD-Ml-A-1 44, 6T-CEfyi 20, 6T-CEM, CCRF-CEIWI, H9/HTLV-IIIB, 
CCRF-SB; CCRF-HSB-2. CEM-CM3. Mo. MOLT-3, MOLT-4, BW5147.3, BW5147.G.1.4, C1498. RAW8.1. CTLL-2. 
and BW5147.G.1.4.0UAR.1). Additional human leukemic cell lines of interest include K562 and ARH-77. Conditkxis 
for the in W/roculture of these cells is described in ATCC CATALOG OF CELL LINES AND HYBRICXDMAS. 6th Editran. 
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1988. 

Still another type of cell system In which HCV may be replicated is in immortal cell lines derived from primary 
cultures of mononucleocytes. Methods to obtain imnrKsrtalized cell lines of types of mononucleocytes are known in the 
art. For example, methods for growing and immortalizing B cells and T cells in culture are described in LYMPHOCYTES: 
A PRACTICAL APPROACH (Klaus, ed.); LYMPHOKINES AND INTERFERONS (Clemens, Morris, and Gearing, eds). 
and Freshney (1987). For example, B-cell lines are often immortalized by infection with Epstein-Barr virus (EBV). This 
may be accomplished by incubating mononucleocytes from infected cells with the supernatant from an EBV infected 
cell line which is a chronic shedder of EBV, for example. ATCC CRL 1612 cells (B95-8). 

The growth of B cells and T cells in culture often requires the presence of stimulatory protein factors (also called 
cytokines) in the culture medium; these factors are usually produced by a cell of another type. A supply of the cytokines 
may be provkJed in conditioned medium, i.e., cell culture supernatant from ceils which produce the desired factors; or 
it may also be provided by feeder cells. The requirement may also be met by the proviswn of the purified cytokines. 
Cytokines include, for example, the following. Interieukin 1 -alpha and beta (also called lymphocyte activating factor, 
epidermal cell derived thymocyte activating factor, and haemopoietin HI ); these lymphokines are derived from multiple 
cell types, including monocytes, lymphocytes, and keratinocytes. Interieukin 1 -alpha and beta have multiple actions, 
including stimulating interieukin 2 production and haematopoietic activity. Interieukin 2 (also called T-cell growth factor), 
derived from T-lymphocytes, and which stimulates T and B cell proliferation and differentiatfon, macrophage actlvatran. 
and natural kilter celt activation. Interieukin 3 (also catted Multi-CSF), which is derived from T-lymphocytes, and which 
has a pturipotent effect on growth and differentiation, and which stimulates mast cell growth. Interieukin 4 (also called 
B-cell growth factor 1), whfch is derived from T-lymphocytes. and which stimulates T and B cell proliferatbn and differ- 
entiation. Interieukin 5 (also called B-cell growth factor It), which is derived from T-Iymphocytes, and which stimulates 
eosinophil differentiatran (and which, in the mouse system, acts as a B-cell growth factor). Low molecular weight B- 
cetl growth factor, which is derived from T-lymphocytes. and which stimulates B-cell proliferatton. B-cell stimulatory 
factor 2 (also called interferon beta-2), which is derived from T-lymphocytes, and whkih stimulates B cell differentiation. 
Interteron-y (also called immune interferon), which is produced by T-lymphocytes. and which activates macrophages. 

Infection of a susceptible cell line with HCV may be accomplished by any one of several techniques which are 
used in the art to infect celts with virus, partcularly with an RNA virus, and more partfcutarly with a Flavivirus. Generally, 
virus particles adsorb to cultured cells at physiotogicat temperatures. The virus penetrates, uncoats, replicates its nu- 
cleic acid in the nucleus or cytoplasm, and after transcription and translation assembles progeny virions which egress 
either by cell lysis or budding. The number of progeny virus particles released from one cell is referred to as the burst 
size. Virus is titrated by adsorbing serial tenfokJ dilutions to cells and counting the resultant plaques after appropriate 
incut>atk>n at the permissive temperature. 

Viral infection of susceptible cells may be accomplished by cocultivation of the susceptible cells and HCV infected 
cells. The HCV infected cells nr^ay be from a primary culture. Usually the HCV infected cells and the primary celts are 
incubated together in approximately equal numbers in an appropriate cell culture medium. The medium may contain 
Polybrene. or a functranatly similar substance, in an appropriate concentration. The incubation is of sufficient time and 
at the appropriate temperature to allow the newly replicated virus from the HCV infected cells to allow attachment and 
uptake by the susceptible cells. 

The infection of susceptible celts may also be accomplished using virus containing cell-free supernatants of HCV 
infected celts. Generally the susceptible celts are pretreated with an appropriate concentration of Polybrene (or a func- 
tionally similar substance), and then exposed to concentrated culture fluids han/ested from short-term prinriary cultures 
of HCV infected cells derived from infected individuals. 

Susceptible celts may also be infected with virus isolated from HCV containing biological samples. Suitable meth- 
ods for the isolation of viruses, particularly RNA containing viruses, and more particulariy Togaviaises and Ftaviviruses 
are known in the art, for example, see VIROLOGY: A PRACTICAL APPROACH (Mahy. ed.). Also described therein 
are celts which may be suitable for infection, and growth conditrons for these cells. 

Another method for preparing HCV infected cells in vitro may be by the fusion of HCV infected mononuclear cells 
with susceptible cells. Methods for fusing somatk: cells are known in the art, as are methods for the selection of fused 
celts. For example, fusion may be catalyzed by the presence of viojs, e.g., EBV, Sendai virus, and the like, or by the 
presence of chemicals, e.g., polyethylene glycol, which induce fusion. The susceptible cell may carry a marker which 
prevents its growth in the selection media, e.g.. the cells may be phenotypically negative for thymidine kinase. Selectkan 
is then in media which requires thymidine kinase, e.g., HAT medium. This method is particularly suitable if the HCV 
infected mononuclear cells isolated from the infected individual do not replicate in vitro. A suitable method for the 
preparatton fused cells which may replicate HCV is that described in WO 87/05930. except that the tissue specific celt 
(reportedly a hepatocyte) which is used to fomn the trioma is replaced with an HCV infected mononucleocyte. 

Yet another method of preparing an HCV infected cell line is by immortal izatton of infected cells isolated from an 
HCV infected individual. Generally, mononuclear cells are Isolated from peripheral blood. If desired, the noononuclear 
cell population may be further fractionated. The cells are then grown in primary culture. Immortalization may be ac- 
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complished by growing and passaging the cells through the cell crisis period, at which point the majority of cultured 
cells die; the resulting cells are immortal. Attematlve methods for producing immortal T-cells and B-cells are described 
supra. 

HC V replication in the HCV infected cell lines prepared as described supra may be detected by a variety of assays. 
For example, viral assays may depend upon the cytopathic or transforming characteristics of the virus. Cytopathic 
viruses may be assayed by their antimetabolic effects in microtitration plates or by the formation of characteristic 
plaques in monolayers of the appropriate susceptible host cell. A viral suspension is serially diluted and aded to mon- 
olayer culture plates. The number of plaques forming at the limiting dilution is taken as equivalent to the number of 
infectious particles in the supernatant medium, allowing the concentration of virus in the initial sample to be calculated. 
Characterization of the virus nnay be performed with specific antisera, measuring the cytopathic effect of the virus, by 
immunoassay or by the cPCR/HCV assay for HCV RNA. described supra. 

Transforming viruses may be assayed by, for example, the selective growth of transformed clones in suspension, 
or by looking for transformation foci in monolayer cultures. 

In the event that the virus of interest is exhibits neither a detectable cytopathic nor a transforming effect, it may be 
detected in the infected cell preparation or infected cell lysate by a number of techniques, including, for example, 
immunoassay using a labeled antibody(s) which is specific for the virus, immunoassay of polypeptides labeled during 
replication using anti-HCV antibodies, and the detection of viral nucleic acids, for example, an enriched population of 
negative strands complementary to viral positive strands, or of viral nucleic ackJs labelled during an in wY/o viral syn- 
thesis period. 

II.C. Immunoassavs Using Antigens from HCV Infected Cells 

The antigens from HCV infected cells which react immunologfcally with serum containing HCV antibodies are 
useful in immunoassays to detect presence of HCV antibodies in biological samples. The HCV antigens can take the 
form of, inter alia, purified or partially purified virus particles or viral polypeptides, disrupted virus, or infected cells or 
cell lysate therefrom. The production of the various forms of viral antigen from tissue culture sources is well-known in 
the art. Design of the immunoassays is subject to a great deal of variation, and a variety of these are known in the art. 
For example, an immunoassay may use a combination of viral epitopes derived from the same or from different viral 
polypeptides. It may use, for example, one or more viral antigens isolated from the HCV infected cell or from isolated 
HCV. Alternatively, fixed cells directly from culture may be used if viral epitopes are expressed internally or externally, 
or altematively. cellular lysates may be used. It nnay also use, for example, whole disrupted virions. General methods 
for preparing disrupted virions are known in the art. 

Immunoassay protocols may vary. Protocols may be based, for example, upon competition, or direct reaction, or 
sandwich type assays. Protocols may also, for example, use solid supports, or may be by immunoprecipitation. Most 
assays involve the use of labeled antibody or polypeptide; the labels may be, for example, fluorescent, chemilumines- 
cent, radraactive. or dye molecules. Assays whKh amplify the signals from the probe are also known; examples of 
whkih are assays whk;h utilize biotin and avidin. and enzyme-labeled and mediated immunoassays, such as EUSA 
assays. 

A suitable immunoassay may utilize disrupted virons in an ELISA format. The enzyme-linked immunosorbent assay 
(ELISA) method depends upon conjugation of an enzyme to either an aritigen or an antibody, and uses the bound 
enzyme activity as a quantitative label. To measure antibody, the known antigen is fixed to a solid phase, (e.g., a 
microplate or plastic cup), incubated with anti-immunoglobulin labeled with enzyme, and washed again. Enzymes 
suitable for labeling are known in the art, and include, for example, horseradish peroxidase. Enzyme activity bound to 
the solid phase is measured by adding the specific substrate, and determining product formation or substrate utilizatton 
colorimetrically The enzyme activity bound is a direct function of the amount of antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test noaterial containing antigen is 
added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is added. After washing, 
substrate is added, and enzyme activity is estimated cotorimetrically, and related to antigen concentration. 

Thus, for example, to detect anti-HCV antibodies using an EUSA fomnat, isolated HCV solubilized, e.g., with 
detergent, may be-used to coat appropriate microtiter plates. After the viral antigens are bound, another protein is also 
used to coat the plates, to prevent nonspecific binding of antibodies. The biotogical sample to be tested for anti-HCV 
antibodies is added to the plates, and the formation of HCV antibody-HCV antigen complexes is detected. 

Another suitable immunoassay nr\ay utilize gel electrophoresis of HCV lysates, followed by Western blotting with 
the biological sample to be tested for anti-HCV antibodies. The formation of HCV antibody-HCV antigen complexes is . 
detected using techniques known in the art. 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by packaging 
the appropriate materials, including the antigens derived from the HCV infected cells in suitable containers, along with 
the remaining reagents and materials required for the conduct of the assay, as well as a suitable set of assay instmc- 
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tions. 

II. D. Use of Infectable Cells in Screening for Antiviral Agents 

The cells described herein which are capable of replicating HCV, may be used to screen for antiviral agents which 
inhibit HCV replication, and particularly for those agents which preferentially allow cell growth and multiplication while 
inhibiting viral replication. The screening methods which can be used are those which examine the inhibition of vims 
replicatton in the presence of the putative antiviral agent. Generally, the antiviral agents are tested at a variety of 
concentrations, for their effect on preventing viral replication in a cell culture system which supports viral replication; 
and then for an inhibition of inf ectivity or of viral pathogenicity (and a low level of toxicity) in an animal model system. 

Included within antiviral agents are antibodies which block viral infection (neutralizing antibodies). The ability of 
anti-HCV antibodies to prevent the infection of the cells in vitro can be determined using the assays described herein 
to determine whether viral replication is inhibited by the presence of the putative anti-HCV antibodies. For example 
also, virus produced in infected cells may also be used as a source of antigens to determine whether antibodies are 
HCV specific. 

III. Examples 

I II, A. Detection of HCV RNA in Mononuclear Cells From Individuals with NANBH 

The detection of HCV RNA in mononuclear cells from blood of individuals with chronic NANBH was accomplished 
using essentially the cPCR/HC V assay described below. 

Blood obtained from 5 individuals with chronic NANBH and which tested positive for anti-HCV antibodies using an 
HCV-C100 antigen immunoassay, and from 5 control individuals (reportedly free of NANBH, and which was negative 
in the immunoassay) was examined for the presence of HCV RNA in the mononuclear fraction. A mononucleocyte 
fraction from the samples was obtained by sedimentation through Ficoll-Paque (Pharmacia), following the manufac- 
turer's directions. 

The cPCR/HCV assay used in these studies were performed utilizing the following methods for the preparation of 
RNA, the reverse transcription of the RNA into cDNA. the amplification of specific segments of the cDNA by PCR, and 
the analysis of the PCR products. 

Total RNA was isolated from the rriononucleocyte fraction. The cDNA used as a template for the PCR reactbn 
was prepared utilizing the designated samples for preparation of the corresponding cDNAs. Each RNA sample (cor- 
responding to cells in 10 microliters of blood) was incubated in a 25 microliter reaction containing 1 micromolar of each 
primer. 1 millimolar of each deoxyribonucleotide triphosphate (dNTP), 50 millimolar Tris-HCL. pH 8.3, 5 millimolar 
MgClg, 5 millimolar dithbthreitol (DTT). 73 millimolar KCI, 40 units of RNase inhibitor (RNASIN), and 5 units of AMV 
reverse transcriptase. The incubation was for 60 minutes at 37'*C. Following cDNA synthesis, the reactions were diluted 
with 50 microliters of deionized water (DIW), boiled for 10 minutes, and cooled on ice. 

Amplification of a segment of the HC V cDN A was performed utilizing two synthetic 1 6-mer oligonucleotide primers 
whose sequences were derived from HCV cDNA clones 36 (anti-sense) and 37b (sense). The sequence of the primer 
from clone 36 was: 



5* GCA TGT CAT GAT GTA T 3». 

The sequence of the primer from clone 37b was: 



5 • ACA ATA CGT GTG TCA C 3 • . 



The primers were used at a final concentration of 1 micromolar each. In order to amplify the segment of HCV cDNA 
which is flanked by the primers, the cDNA samples were incubated with 0.1 microgram of RNAse A and the PCR 
reactants of the Perkin Elmer Cetus PCR kit (N801 -0043 or N801 -0055) according to the manufacturer's instructions. 
The PCR reaction was performed for either 30 cycles or 60 cycles in a Perkin Elmer Cetus DNA thermal cycler. Each 
cycle consisted of a 1 minute denaturation step at 94»C. an annealing step of 2 minutes at 37»C, and an extension 
step of 3 minutes at 72''C. However, the extension step in the final cycle (30 or 60) was 7 minutes rather than 3 minutes. 
After amplification the samples were extracted with an equal volume of phenol: chtorofomn (1:1), foltowed by extraction 
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with an equal volume of chloroform, and then the samples were precipitated with ethanol containing 0,2 M sodium 
acetate. 

The cPCR products were analyzed as follows: The products were subjected to electrophoresis on 1.8% alkaline 
agarose gels according to Murakawa et al. (1988). and transferred onto Zeta Probe paper (BioRad Corp.) by btotting 

5 gels overnight in 0.4 M NaOH. The blots were neutralized in 2 X SSC (1 X SSC contains 0. 1 5 M NaCI, 0.01 5 M sodium 
citrate), prehybridized in 0.3 M NaCI. 15 mM sodium phosphage buffer. pH 6.8, 15 mM EDTA, 1.0% SDS. 0.5% nonfat 
milk (Camation Co.), and 0.5 mg/ml sonicated denatured salnx)n sperm DNA. The btots to be analyzed for HCV cDNA 
fragments were hybridized to a ^sp-iabeled probe generated by nick translation of the HCV cDN A insert sequence in 
clone 35. shown in Figure 2. After hybridization, the blots were washed in 0.1 x SSC (1 x SSC contains 0.1 5M NaCI, 

10 0.01 M Na citrate) at SS'C, dried, and autoradiographed. The expected product size is 586 nucleotides in length; prod- 
ucts which hybrkiized with the probe and migrated in the gels in this size range were scored as positive for viral RNA. 

As a control, cPCR primers designed to amplify al -antitrypsin mRNA was performed to verify the presence of 
RNA in each sample analyzed. The coding regton of the al -antitrypsin gene is described in Rosenberg et al. (1984). 
Synthetk; 16-mer oligonucleotide primers designed to amplify a 365 nucleotide fragment of the coding regton of the 

IS al -antitrypsin gene were derived from nucleotides 22-37 (sense) and nucleotides 372-387 (anti-sense). The PCR 
products were detected using a nick-translated probe whrch lies between, and not including, the cDNA/PCR primer 
sequences. 

Due to the extreme sensitivity of the PCR reactkwi, all samples were run a minimum of three times. All false positive 
signals were eliminated when the following precautions were taken: 1) eliminating aerosols by using screw capped 
20 tubes with rubber Oring seals; 2) pipetting with Ranin Microman positive displacement pipetters with disposable pis- 
tons/capillaries; and 3) selecting the oligonucleotide sequences for the cDN A and PCR primers from two non-contig- 
uous cDN A clones. 

The results showed that mononucleocytes from 5 of 5 HCV anti-ClOO antibody positive samples were positive for 
HCV RNA in the cPCR HCV assay. All of the controls were negative in the same assay. 

2S 

NI B. Detection of HCV RNA Minus Strands in Mononucleocvtes from HCV Infected Individuals 

The detection of minus strands in peripheral blood mononucleocytes was accomplished using the cPCR/HCV 
assay essentially as described in Sectfon III.A.. except that the cDNA was synthesized using either the 16mer primer 
30 from clone 36 (i.e.. primer 36/16A), described in Section III.A. to prime the plus strand of HCV RNA, or the complement 
of the 16-mer (i.e., primer 36/1 6B), to prime the negative strand. In order to carry out the subsequent PCR reaction, 
the cDNA reactbn mixture was boiled and treated with RNase prior to the addition of the second primer. 

The results of the cPCR/HCV assay showed that 5 of the HCV ant i-C 100 antibody samples were positive for HCV 
negative strands; of these five samples, two showed high levels of HCV RNA negative strands. All 5 of these samples 
3S were about equally positive for the plus strands of HCV RNA. Of the five control samples, all were negative for both 
plus and minus strands of HCV RNA. 

As an additional control, plasma samples from three of the HCV positive indivkiuals were also analyzed. The signal 
obtained from the positive strands were at least 5 to 10 times stronger than was the signal for the negative strands. 
Thus, the plasma samples were strongly positive for the plus strands, and only weakly positive to negative for the 
40 minus strands. 

In HCV, which is Flavi-like. the viral genome is positive stranded RNA. The discovery of the great enrichment of 
negative strands of HCV RNA in monocytes relative to that in plasma, suggests that replicative intermediates of the 
viral genome are present in these cells. 

^ IV. Commercial Utilrtv 

HCV Infected cell systems, which are infected and/or replrcated in vitro, including HCV infected cell lines, sen/e 
as a source of viral antigens which are useful in the detection of HCV antibodies, and hence in the diagnosis and the 
screening of bblogfcal materials (including blood) for HCV These antigens also may have use in the preparation of 
so vaccines for the treatment (prophylactic and/or therapeutic) of viral infections. 

In addition, these cell systems are useful in the screening of anti-viral agents directed at preventing HCV replication, 
including antibodies whteh can neutralize infectran or mediate antibody-dependent cellular cytotoxkiity (ADCC). 

While the invention has been described above by way of illustration, the present inventran is not limited thereto 
and Its scope is to be defined by the appended claims and the equivalents thereof. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 
5 (i) APPLICANT 

(A) NAME: Chiron Corporation 

(B) STREET 4560 Horton Street 

(C) CITY: Emeryville 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP); 94608 

(ii) TITLE OF INVENTION: Methods for Culturing HCV in Eukaryotic Cells 
IS (iii) NUMBER OF SEQUENCES: 5 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 90309120.5 

(2) INFORMATION FOR SEQ ID NO:1 : 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

2S (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii} MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

30 

GCATCTCATC ATCTAT 



(2) INFORMATION FOR SEQ ID NO:2: 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

40 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

45 

ACAATACGIG TCTCAC 



so (2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9185 base pairs 
ss (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Hepatitis C virus 
5 (B) STRAIN: HCV1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

CACTOCaOCA TCAATCACrc OOCICTGAGG AACTACrGTC TTCAOGCAGA AAGCGTCEAG 60 

OCATQGCXnT AGTATCAGTC TOCTTGCAGOC TOCAGGAOOC COOCTCOOQG GAGAGCCATA 120 

G?IGCTCTGCG GAAOOGGrGA GTACA0CX3GA ATIGOCAGGA OGAOOGGGTrC CTITCrrGGA 180 

TCAAOOOGCT GAATQCCTGG AGftmOSGC GTGOCOOOGC AAGACTQCTA GOOGAGEAGT 240 

GITGGGrOGC GAAAGGCdT GTOCTACTGC dGATAGQGT GCTIGOGACT GCOOOGQGAG 300 

GTCTOCTAGA OOCTGCAOCA TGAGCAOGAA TOCTAAACCT CAAAAAAAAA ACAAAOG?EAA 360 

CACX^AAOOGT OGCOCACAGG AOGTCAAGIT OOOGGGIQGC GGTCAGATOG TIGGTCGAGr 420 

25 TTACrrGTIG OaSOCSCAGGG GCXXTAGATT GGGICTGOGC GOGAOGAGAA AGACTTCOGA 480 

GOQGTOQCAA OCTOGAGCTA GAOGnCAGOC TATOOOCAAG GCrTOCTOGGC OOGAGGGCAG 540 

GAOCIGGGCr CAGCOOQGCT AOOCnGQOC OCTCTAIGQC AATCAGGGCT GOQQGIGGGC 600 

30 

QQGAaraGCTC CTGTCPOOOC GnOGCTCrOG GCCTAGCTOG GGCOOCACAG AOOOCOGGOG 660 

TAGGTOGCGC AAITrGGCTA AGGnCATOGA TAOOCTEAOG TGOGGCITOG COGAOCTCAT 720 

35 



40 



45 



SO 



ss 
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GQQGEACAIA OaCTOCTOG QXOOOCTCr 


TQGAGGCECr 


GOCAGGGCXX: 


TGGOGCATGG 


780 


5 


0G?raC3GQGnT CDQGAAGACE GOnGAACIA 


TGCAACAGOG 


AAOCTroCTC 


GTIGCrCTIT 


840 




CTCTATCITC CrrCTQGOOC TGCTCTCTIG 


CriGACICTG 


CXXX3CITOGG 


CCTAOCAACT 


900 




GOGCMCrOC AOGQQQCrrr AOCAOGTCAC 


CAATGATIGC 


CCEAACrOGA 


GTATrororA 


960 


TO 


OGAGGOQGOC GATGOCATOC TQCAOVCTCC 


GGGGTCOGTC 


OdTCOGnC 


GTTGAGGGCAA 


1020 




OGCXnOGAGG TGTIGQGnGG OGATGAOCXX: 


TAOGGrroGcx: 


AOCAGGGATG 


GCAAACroOC 


1080 


IS 


C3G0GA0GCAG CTTCGAOGTC ACAUOGATCT 




AGOGOCAOOC 


TCICITOGGC 


1140 




OCTdAOGflG GGGGAOCTAT GOGGGrlCrGT 




GGOCAACTCT 


TCACCTTCTC 


1200 




TOOCAGGOX: CkCTGCACGA OGCAAGGTIG 


CAATPGcrcr 


ATCEATOOOG 


GOCATATAAC 


1260 


20 


GGGTCAOCXSC ATOGCAIGGG ATATGATCAT 


GAAdGGTOC 


OCTAOGAGGG 


OGTTOCTAAT 


1320 




GGCTCAGCro CTOCaOGATOC CACAAGOCAT 


CTiUGACATG 


ATOGCDGGriG 


CTCACTQQGG 


1380 


2S 


AGrroCTOGOG GQCATAGOGT AmCTQCAT 


GOrGGGGAAC 


TGGGOGAAOG 


TOCTGGTAGT 


1440 




GCTGCTGCEA TTIGOaQGOG TOGAOGOQGA 


AAOOCAOGTC 


ACCX3GGGGAA 


GrTOOOGGOCA 


1500 




OVCTGICTCr GGAilTiWiTA GCCTOCTOQC 


ACXAGQOGOC 


AAGCAGAAOG 




1560 


30 


CAACAOCAAC QGCAGITOGC AOCTCAATAG 


CAOGGOCXTG 


AACroCAATC 


ATAGOCTCAA 


1620 




CACXXSGCDOG TIGGCAaSGC TmCEATCA 


QCACAAGITC 


AACTCrrCAG 


GCICTCdGA 


1680 


35 


GAGGCEAGCX: AGCIG0C3SAC CXXTEAOOGA 


TrnGAOCAG 


GGCIGGQGOC 


CTATCAGTEA 


1740 




TCOCAACXSGA AGOGGOCOOG AOCAGOGOCX: 


CTACTGCrOG 


CACEAOCOCX: 


CAAAAOCriG 


1800 


40 


OOGTATTCTG CXX^GOGAAGA GKHCTGrTOG 


TOOGGTEATAT 


TQCTTCACIC 


CCAGOCOCCT 


1860 


AUUACUirVLA UUl\JlMiUuL. 


GOOCAOCTAC 




AAAATGATAC 


1920 




GGAOGTCITC GTOCTEAACA AIACCAGGC3C 


AOCXSCTOGGC 


AATTQGrrOG 


GrrrcrEAOCTG 


1980 


45 


GAIGAACTCA AGTOGATTCA OCAAAGTGTC 


OOGAGOSCCr 


ocnuiuixjA 


TOGGAGGGGC 


2040 




GGGCAACAAC ACXXTOCACT GCXXDCACIGA 


TIGCrrCX3GC 


AAGCATOaSG 


AOGCCACATA 


2100 


SO 


CrCTOGGDQC GQCTOaSGTC CmGGATCAC 


AOOCAGGrDGC 


CIQGTOGACr 


ACCXX?£A!I!AG 


2160 


GcrrroGCAT tatoctKxEA ocatcaacta 


CAOCATATTT 


AAAATCAOGA 


TGTAOGrTGGG 


2220 



S5 
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AQQGGTOGAA GACAGGCIGG AAGCTGOCIG CAACTOGAOS OQGQGOGAAC GTIGCXSATCr 2280 

GGAAGACAGG GACAGGTOCE A3CICAGC3CC GTEACDGCIG AOCACTAGAC ACTQQCAGCT 2340 

5 

ccroooGTsr tocitcacaa oxiaocagc ctictocacx: qgoctcatoc acx:tocaoca 2400 

GAACATIGIG GACXnCCAGT ACTICTAOGG QGIGGGCnCA AGCATOGOGT CCIXSGGCCNr 2460 

TAACrrOGGAG TPiCGTCGTIC TCCrGTTCCr TCIGCTIGCA GAOGOGOGOG TCTGCTOCIG 2520 

CnCTOGATG ATGCEACTCA TATOOCAAGC GGAGGOQGCT TTQGAGAAOC TOCTAAJACT 2580 

TAATGCAGCA 1O0CTQGCX3G QGAOGCAOGG TCTICTATOC TTOCTCCTGrr TCTICIGCTr 2640 

IS 

TGCATQGEAT TTGAAGGGTA AGnGGGTCCr OGGAGOGGIC TACACCTTCT AOGGGATGTG 2700 

GOCTCTOCIC CIGCrcCICT TGGOGTrGOC 0CAGCX3GG0G TAOGOGCIGG ACAOQGAGCT 2760 

GGCOGOGTOG TGTQGOGGIG TTCITCTOGr aSGGTIGATG GOGCIGACIC TGTCACCATA 2820 

TTACAAGOGC TATATCAGCT QGTCCITCIG GTOGCTTCAG TAmTCTGA OCAGAG?rGGA 2880 

2^ AGaSCAACIG CACXSnGIGGA TTOCOOOOCT CAAOGTOOGA QGQQQGOGOG AOGOOGrrCAT 2940 

CTTACrCATC TCTGCTGEAC A0CX3GACTCT GGrrATITGAC ATCACX^AAT TGCTGCD3GC 3000 

CX3TCITC3QGA OOOCITTGGA TTCITCAAGC CAGITrGCIT AAAGnAOOCT ACTTTGriGOG 3060 

OGTOCAAGGC CTTCTOOGCT TCIGOGOCTT AGCXX3GGAAG ATGATOGGAG GOCATTACCT 3120 

GCAAATGGnC ATCATTAAGT TAGQGQOGCT TACTGGCAOC TATCTITATA ACCATCICAC 3180 

35 TCCrcrrOGG GACTQGGOQC ACAAOSGCIT GOGAGATCIG OOOGrrGGCIG TAGAGOCACT 3240 

OGTCITCrOC CAAAIQGAGA OCAAGCTCAT CAOGnGGQQG GCAGAXACOG CXDGOGnGOGG 3300 

TGACMCATC AAOGGCTIGC CTCTTIOOQC OOGCAGQQGC OGGGAGATAC TGCTOGGGOC 3360 

40 

AGOOGATCGA ATCGTCTOCA AGGGGTOGAG GnTCCTGGOG OOCATCACGG OCTAOGOCCA 3420 

GCaGACAAGG GGOCTCCTAG GGIGCATAAT CACCAGOCEA ACTGGCX^GGG ACAAAAAOCA 3480 

45 ACTGGAGQGT GAGGIOCAGA TTOICTCAAC TGCIGCOCAA ACCTTOCIGG CAAOGTCCAT 3540 

GAATOGGGriG IGCTQGACIG TCTAOCAOOG GGCXX3GAA0G AGGAOCATOG OGTCAOOCAA 3600 

GGCTCXTOTC AIOCAGATCT ATACXAATCT AGACXIAAGAC CTIGTOGGCr GGCCOGCTOC 3660 

50 

GCAAGGTAGC OGCrCATTGA CAOOCTGCAC TPGOGGCTOC TOGGAOCTIT ACXiTCGrCAC 3720 

55 



19 




EP 0 414 475 B1 

GAGGCftOGOC GAICTGftTIC CXJGTCOGCXX; GOGQQGIGAT AGCAGQGGCA QCXTCCTCrC 3780 

G0CXX3GGCXX: ATITOCIACr TGAAAGGCTC CTOGQQGQCT OOGCIGriCT GO0Q0GC3GQG 3840 

5 

COsOSCOSTG GGCATAITIA GQGOOGOGCT GIGCAOCXCT GGAGIGGCIA AGGaSGTQGA 3900 

CTTTMOOCT GTIGGAGAAOC TAGAGACAAC CAIGAGGTOC OOQGTCITCA OGGATAACTC 3960 

10 CICTOCACXS^ GTAGIGOCOC AGAGCITOCA GGIQGCrCAC CIOMGCrC CXACAGGCAG 4020 

OGGCAAAAGC AOCAAGGTOC C3QGCIGCATA TGCftGCTCAG GGCEATAAGG TGCTAGTACT 4080 

GAACOOCTCr GITGCIGCAA CACTQGGCIT TGGIGCnAC ATGTOCAAGG CTCATQQGAT 4140 

IS 

OGATOCTAAC ATCAGGAOOG GQCTGAGAAC AAITACCACr GQCAGOOOCA TCAOG?EACrC 4200 

CACXTTAOOGC AAGnOCTrG OC3GACX3GCXX; GrGCTOGOGG GG0GCITA3G ACATAATAAT 4260 

TTGnGAOGAG TGCCACTCCA OGGATGOCAC ATCCATCTIG GGCATOGGCA CTCKXriTGA 4320 

OCAAGCAGAG ACIGOQGGGG OGAGACTGGT TGIGCrOGOC AOOGCCACCC GTCOGGGCTC 4380 

CCTCACTGnG OCXXAIOOCA ACATOGAGGA GGnGCTCIG TOCAOCAOOG GAGAGATCXX: 4440 

TTITIAaSGC AAGGCEATOC OOCIOGAACT AATCAAGGQG GGGAGACATC TCATCTTCIG 4500 

TCAITCAAAG AAGAAGTCOG AOGAACTOGC OGCAAAGCIG GTOGCAriGG GCATCAATCC 4560 

OGrroGOCTAC TA0C3GaGGTC TIGACXTrsrC CX3TCAIO00G ACXAGOSGOG ATSTICTOGT 4620 

OGDQGCAACC GAIGOOCTCA TGAOOGGdA TA0CX3G0GAC TTOGACTOGG TGATAGACIG 4680 

^ CAAHAOSICT GTCAOOCAGA GACTOGATTr CAGCCTIGAC OCEAOCTICA OCATTGAGAC 4740 

AAICAOSCrC OCXXAGGATG CTCTCTCOaG CACICAACCT aSQQGCAGGA CIGGCAGQGG 4800 

GAAGOCaGGC ATCEACAGAT TTGTGGCAOC GGGQGAGC3GC OOCTOOGGCA TCITOGACTC 4860 

40 

GTOOGKXTC TCTGACnGCr ATCAOGCAGG CTCTXTItSG TATGAGCTCA OGOOOGOOGA 4920 

GACEACAGIT AGGCEAOGAG aSTEACATGAA CA0CXXX3GGG CITCOOGriCT GOCAGGAOCA 4980 

45 TCrrGAATTT TGGGAGQGOG TCTITACAGG OCTCACrCAT ATAGAIGCCC ACTITCTA3X: 5040 

OCAGACAAAG CAGAGTGGQG AGAAOCITOC TTAOCrGGIA GCXTTAOCAAG CX:ACOGnCTG 5100 

CXSCEAGQGCr CAAGOOrTC OOCCATOGTC GGACXAGATC TGGAAGTCTT TGATTOGCCT 5160 

so 

CAAGOOCAOC CTOCAIGQGC CAACAOCXXT GCTATACAGA CTGGGOGCIG TTCAGAAIGA 5220 

55 
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AATCA0C3CDG AOSCAOOCAG TCAOCAAMA CATCKTGACA TGCMCTOOG ODGAOCaXSGA 5280 

QGTOGTCAOG AQCAOCIGGG TGCTOGrTOG CCOCGTCCTG GCPGCITIGG OOGOGTATIG 5340 

5 

OCDGTCAACA GGCIGOGIGG TCAI!AC?IGGG CftGQGTOGTC TTGrrOOQQGA AGOOQGCAAT 5400 

CATAOCIGAC AGGGAAGTCC TCTACOGAGA GTTOGAIGAG ATQGAAGACT GCHCTCAGCA 5460 

10 cmoOffTAC ATOGAGCAAG GGATGATGCT 0GCX3GAGCAG TTCAAGCAGA AGGCXXnOSG 5520 

OCrOdGCAG AO0GCX?rCXX: G?rCAGGCAGA GGITATOGCX: OCTGCICTCX: AGAC3CAACIG 5580 

GCAAAAACTC GAGAOCITCr GGGOGAAGCA TATGIGGAAC TTCATCAGTC QGATACAATA 5640 

IS 

CITQGOQQGC TICTCAAOGC TQ0CR3CTAA CCCCQCCNrr GCITCATrGA TGGCmTAC 5700 

AGCDGCICTC ACCftGOOCAC TAAOCACTAG CXAAAOCTTC CTCTrCAACA TATIGQGQC3G 5760 

aiCGGSXSGCr GCOCAGCTOG OC3GOOCOa3G TGOOGCEACr aXTrrcnGG GOGCTQGCIT 5820 

AGCIGGOQCX: GOCATOQGCA GTCriGGACr GGGGAAGGTC CICATAGACA TOCTTGCAGG 5880 

CTATGGOGOG GGOGrTQGOQG GAGCTCTICT GGCATICAAG A3CATGAG0G GrGAGGTOOC 5940 

CrOCAOQGAG GACXTOCTCA ATCTACTGCX: OGOCATOCTC TOGOOGGGAG CXTTOGEAGT 6000 

OQGOGnGGIC TGTCCAGCAA TkCIGCGCCG GCAOGTIGGC COSQGOGAGG GGGCAGTCCA 6060 

GTOGATGAAC OGGCTGATAG CXTTOGOCIC COGGGGGAAC CAICTTTOOC OCAOGGACTA 6120 

OG?rGCOGGAG AGOGAIGCAG CIG0CX3G0GT CACTCCXATA CTCAGCAGOC TCACICTAAC 6180 

CCAQCTOCIG AGGOGACIGC AOCAGTIGGAT AAGCTOGGAG TCTAGCACTC CMGCKXDGG 6240 

TTOCrOGCTA AGQGAGATCr GGGACIGGAT ATGCXSAGGIG TTGAGOGACT TIAAGAOCTG 6300 

GCEAAAAGCT AAGCTCATCC CACAGCTGOC TGGGATOOOC TITCDGriOCT GOCAGOGOQG 6360 

GIMMGGGG GTCrOGCXSAG TQGAOQGCAT CATGCACACT OGCTGCCACr GTCGAGCIGA 6420 

GATCAdGGA GAIUTCAAAA AOGGGAOGAT GAGGATOSTC GGTCCTIAGGA CXTIGCAOGAA 6480 

45 CATCTQGACT GGGAOCITCC OCATEAAIGC CTACAOCAOG QGOOCXTCTA OCXXXXTTOC 6540 

TCaSOOGAAC TACAOGTrOG OGCTAIGGAG GGICTCIGCA GAGGAATAIG TQGAGATAAG 6600 

GCAGGTOGGG GACTTCCACr AOGrTGAOQGG TATGACIACT GACAATCICA AATCOOOGTIG 6660 

OCAQGrroOCA TOGOOOGAAT TTITCACAGA ATTGGAOQGG GrTGOGOCEAC ATAGGITIGC 6720 
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GOOOCXXrZGC AAGOOCriGC TGOQGGAGGA GGOMCATrc AGAGTTAGG^C T0CAOGAA3A 6780 



GCTCACTCAT OCCTOCXATA TAACAGCAGA GG0QG0CX3GG OGAAGGITQG C3GAGGQGATC 6900 

AOOOOCCrCT GTOGOCAGCr OCTOQGCEAG CXS^GCTATOC GCrOCMCTC TCAAGQCAAC 6960 

TIGCACOGCT AACXIATGACr OOCXTIGATGC TGAGCTCATA GAGGOCAAOC TOCTATGGAG 7020 

GCAGGAGAIG GGOQGCAACA TCAOCAGGGT TGAGTCAGAA AACAAAGTCG TGATTCIGGA 7080 

CrOCrrOGAT OOGCITCTOG CJQGAGGAGGA OGAGOGGGAG ATCTOOCTAC COGCAGAAAT 7140 

CCTGOQGAAG TCTOGGAGAT IX^GCCCAGGC OCraXOCTT TGGGOGOQGC OQGACTATAA 7200 

OCO00CX3CEA GnGGAGAOGT QGAAAAAGCC OGACTAOGAA CCAOCTOIGG TOCATGGCIG 7260 

TOCJGCnOCA CrrcCAAACT COCCrOCTGT GQCTOOGCCT OGGAAGAAGC GGAOQGrrGCT 7320 

CXTCACIGAA TCAAOOCEAT CTACrGOCIT GGCOGAGCIC GCCACCAGAA GCITIGGCAG 7380 

CTOCTCAACr TOOGGCATTA OGGGOGACAA TACX5ACAACA TCCICIGAGC OCXXXXCTIC 7440 

TGGCTGOCXX: OOOGACTCXX; ACDGCTGAGTC CTATTCCTCC ATGCXXTCOC TGGAGGGQGA 7500 

GOCTGGQGAT CX3GGATCniA GOGAOGGGTC ATGGTCAAOG GTCAGEACTG AGGOCAAOSC 7560 

GGAGGAICTC GTCrrGCrGCT CAA!ICTCTrA CrCITCGACA GGCX3CACI0G TCAOCXXCTG 7620 

OGCOGOGGAA GAACAGAAAC TGCCCATCAA TGCACTAAGC AACTOGTIGC TAOGTCACXA 7680 

CAATITGCTrG TATTOCACCA OCTCAOGCAG TGCITGCCAA AGGCAGAAGA AAGTCACATT 7740 

TGACAGACTG CAAG?ITCIGG ACAGOCATTA CCAGGAC3GTA CTCAAGGAGG TEAAAGCAGC 7800 

GGCCTCAAAA GTGAAGGCEA ACITGCEATC OGTAGAGGAA GCTTGCAGOC TGAOGOCCCC 7860 

ACACTCAGOC AAAIOCAAGT TIGGTrATQG GGCAAAAGAC GTOOCTIGOC ATCOCAGAAA 7920 

GG0CX7EAA0C CAGATCAACT C3a?ICTQGAA AGAOCTICTG GAAGACAATC TAACAOCAAT 7980 

AGACACTAOC ATCATQGCEA AGAAOGAGCT Ti'iCiUUlT CAGCXTCAGA AGQQGGG?rOG 8040 

TAAGOCAGCr OIECTCATaG TGTICOCOGA TCTGGGOGriG OGOGTGriGOG AAAAGATQGC 8100 

TITCEAOGAC GIGGrTACAA AGCTOOCXTT QGCOCTGATG QGAAGCKXT AOQGATTOCA 8160 

AIACTCAOCA GGACAGCX3QG TTGAATTOCr OGIGCAAGOG TGGAAGTrOCA AGAAAAOCOC 8220 



CXXX3C?rAGGG 



TOGCAATEAC 



CTIGOGAGOC 0GAA0CX3GAC 



TGAOGrTCXAT 
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AAIGQGGnC TOTIATCMA CXXXSCTQCIT TGACTOCACA GTCACIGAGA GOGACATOOG 8280 

TAOGGAGGAG GCAATCEAOC MTCTICTGA OCTOGACOOC CAAGOQCX3C3G TQGCCATCAA 8340 

5 

GKXXTCAOC GAGAGGCnT ATGnTGGQOG OCXTTCITAOC AATTCAAGGG GQGAGAACIG 8400 

OGGCEAaOSC ASGIGOOGOG OGAGOQQOCT ACIGACAACr AGCIGrrGGIA ACACCXTCAC 8460 

10 TTGCTACATC AAGGCOOQGG CAGOCICTOG AGCX3GCAGGG CTOCAGGACT GCAOCATGCT 8520 

anCTSrOGC GAOGACTTAG TOCTTATCTG TGAAAGOGOG GGGGTQCAGG AQGAOGOQGC 8580 

GAGCCIGAGA GCCTTCAOGG AGGCTATGAC CAGGTACTOC GCCCXXXXTG GGGAOCCCOC 8640 

ACAAOCAGAA TAOGACITOG AGCTCATAAC ATCATGCTCC T0CAAC2GICT CAGTOGOCXA 8700 

OGAa3QC3GCr QGAAAGAGQG TCEACTAOCT CAOOOGnGAC OCTACAAOCC OC3CT0GOGAG 8760 

AGCTGCXnGG GAGACAGCAA GACACACTOC AGTCAATTCC TGGCTAGGCA ACATAATCAT 8820 

GrmGcxroc acacictqqg ogaggatgat actgatgacx: CArncnTA gogtccitat 8880 

AGOCAGGGAC CAGCITGAAC AGGCCCTOGA TTGOGAGATC TAOQGGGCCT GCTACTOCAT 8940 

AGAAOCACrr GATCTACCrC CAATCATTCA AAGACTCCAT GGOCTCAGOG CATnTCACT 9000 

OCACAGTEAC TCTCCAGGTC AAATEAAXAG GGTGGOOGCA TGCXTCAGAA AACriGGQGT 9060 

AOOGCXXnG OGAGCITGGA GACAOOQQGC OOQGAGOnC OGOGCTAGGC TTCIGGCXAG 9120 

AGGAGGCAGG GCTGCXATAT GTQGCAACTA OCTCITCAAC TGGGCAGEAA GAACAAAGCT 9180 
CAAAC 
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(2) INFORMATION FOR SEQ ID NO:4: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 480 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(vi) ORIGINAL SOURCE: 



(A) ORGANISM: Hepatitis C Virus 
50 (B) STRAIN: HCV1 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: DNA 35 
(ix) FEATURE: 



9185 



55 



(A) NAME/KEY: CDS 

(B) LOCATION: 1..480 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



TOG MT GAG ACA MC AOG CTC COC GAG GAT GOT CnC TOC OGC A 48 
Ser He Glu Ihr He Thr Leu Pro Gin Asp Ala Val Ser Arg Thr Gin 
15 10 15 

OCT OQG GGC AGG ACT GGCAGGGGGAAGCCAGGCATCTACAGATITGIG 96 
Arg Arg Gly Arg Thr Gly Arg Gly Lys Pro Gly He lyr Arg Rie Val 
20 25 30 

GCAOaSGGGGAGOTCOOCTOCGGCAIGTTCGACTOGTC^ 144 
Ala Pro Gly Glu Arg Pro Ser Gly Met Fhe Asp Ser Ser Val Leu cys 
35 40 45 

GAG TCC TAT GAG GGA GGG TCT GCT TOG TAT GAG dC AOS OOC GGC GAG 192 
Glu Cys lyr Asp Ala Gly Gys Ala Trp Tyr Glu Lsu Thr Pro Ala Glu 
50 55 60 

ACT ACA CHT AGG CTA OGA GOG TAG ATG AAC AOC COG GGG err OCC GTG 240 
Thr Thr Val Arg Arg Ala Tyr Met Asn Thr Pro Gly Leu Pro Val 
65 70 75 80 

25 1GG GAG GAG CAT CTT GAA TTT TGG GAG GGC GTC TTT AGA GGG CTC ACT 288 

Cys Gin Asp His Leu Glu Fhe Ttp Glu Gly Val Fhe Thr Gly Leu Thr 
85 90 95 

CM-ATAGATGOGGACTTrCTATXrGAGAGAAAGCAGAGTG^ 336 
30 His He Asp Ala His Fhe Leu Ser Gin Thr Lys Gin Ser Gly Glu Asn 

100 105 110 

CTT OCT TAG CTG GTA GOGTACGAAGGCAOCGIGTGGGCTAGGGCTCAA 384 
Pro Tyr Lsu Val Ala Tyr Gin Ala Thr Val Cys Ala Arg Ala Gin 
3S 115 120 125 

G0COCTO0COCATa;Ta;GAGGAGATGTGGAAGTCTTTGAITOG^ 432 
Ala Pro Pro Pro Ser Trp A^ Gin Met Trp lys cys L^ He Arg Leu 
130 135 140 
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AAG CCC AOC CTG CAT GGG OCA ACA COG CTG CTA TAG AGA CTG GGC GCT 480 
lys Pro Thr Leu His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly Ala 
145 150 155 160 



so 



(2) INFORMATION FOR SEQ ID NO:5: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 160 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

55 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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Ser He Glu Hir He Itir Leu Pro Gin Asp Ala Val Ser Arg Thr Gin 
15 10 15 

Arg Arg Gly Arg Hir Gly Arg Gly Lys Pro Gly He Tyr Arg Phe Val 
20 25 30 

Ala Pro Gly Glu Arg Pro Ser Gly Met Phe Asp Ser Ser Val Leu Cys 
35 40 45 

Glu cys Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu Ttir Pro Ala Glu 
50 55 60 

Thr Ttir Val Arg Lai Arg Ala Tyr Met Asn Ttir Pro Gly Leu Pro Val 
65 70 75 80 

Cys Gin Asp His Leu Glu Fhe Trp Glu Gly Val Fhe Thr Gly Lai Ttir 
85 90 95 

His He Asp Ala His E*ie Lai Ser Gin Ttir Lys Gin Ser Gly Glu Asn 
100 105 110 

Leu Pro Tyr Leu Val Ala Tyr Gin Ala Ttir Val Cys Ala Arg Ala Gin 
115 120 125 

Ala Pro Pro Pro Ser Trp Asp Gin Met Trp lys Cys Lai He Arg Leu 
130 135 140 

Lys Pro Tlir Leu His Gly Pro Thr Pro Leu Lai Tyr Arg Lai Gly Ala 
145 150 155 160 



Claims 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR. GB, IT, LU, NL, SE 

1 . A cell line Infected with hepatitis C virus (HCV), wherein the cells in the cell line are B lymphocytes or T lymphocytes 
and are capable of replicating HCV. 

2. The ceil line of claim 1 wherein the ceils in the cell line are B lymphocytes. 

3. The cell line of claim 1 wherein the cells in the cell line are T lymphocytes. 

4. The cell line of claim 3, wherein the cells are derived by infection of a ceil from the cell line MOLT-4. 

5. A method of preparing a composition for the detection of an anti-HCV antibody which comprises: purifying or 
partially purifying HCV virus particles or polypeptides from a cell line according to any one of claim 1 to 4; and 
fixing said particles or polypeptides to a solid phase. 

6. A method according to claim 5 wherein HCV particles are solubilized with a detergent. 

7. A method according to claim 5 or 6 wherein the composition for the detection of anti-HCV antibodies is packaged 
in a suitable container to provide a test kit. 

8. A method for screening for an agent which inhibits HCV replication comprising: 
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(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV; 

(c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the cell line of (b) under conditions which would, in the 
absence of (a) altow Infection of and replication of HCV in the cell line; and 

(e) detecting an inhibition of viral replication after the Incubating in (d), wherein the cells in the cell line of (b) 
are B lymphocytes or T lymphocytes. 



10 Claims for the following Contracting States : ES, GR 

1. A method of preparing a composition for the detection of an anti-HCV antibody which comprises: purifying or 
partially purifying HCV virus particles or polypeptides from a cell line infected with hepatitis C virus (HCV), wherein 
the cells in the cell line are 8 lymphocytes or T lymphocytes and are capable of replicating HCV; and fixing said 

IS particles or polypeptides to a solid phase. 

2. The method of claim 1 wherein the cells in the cell line are B lymphocytes. 

3. The method of claim 1 wherein the cells in the cell line are T lymphocytes. 



4. The method of claim 3, wherein the ceils are derived by infection of a cell from the cell line MOLT-4. 

5. A method according to any one of claims 1 to 4 wherein HCV particles are solubilized with a detergent. 

6. A method according to any one of claims 1 to 5 wherein the composition for the detection of anti-HCV antibodies 
is packaged in a suitable container to provide a test kit 

7. A method for screening for an agent whkih inhibits HCV replication comprising: 

(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV; 

(c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the cell line of (b) under conditions which would, in the 
absence of (a) altow infection of and replication of HCV in the cell line; and 

(e) detecting an inhibition of viral replication after the incubating in (d), wherein the cells in the cell line of (b) 
are B lymphocytes or T lymphocytes, 

8. A cell line infected with hepatitis C virus (HCV), wherein the cells in the cell line are B lymphocytes or T lymphocytes 
and are capable of replicating HCV. 



9. The cell line of claim 8 wherein the cells in the cell line are B lymphocytes. 

10. The cell line of claim 8 wherein the cells in the cell line are T lymphocytes. 

11. The cell line of claim 10, wherein the cells are derived by infection of a cell from the cell line MOLT-4. 
Patentanspruche 



Patentansprticho fur folgende Vettragsstaaten : AT, BE, OH. LI, DE, DK, FR, GB, IT, LU, NL, SE 

1 . Zellinie, infiziert mit Hepatitis C-Virus (HCV), dadurch gekennzelchnet, da3 die Zellen der Zellinie B-Lymphozyten 
Oder T-Lymphozyten sind und in der Lage sind, HCV zu replizieren. 

2. Zellinie nach Anspruch 1 . dadurch gekennzelchnet, daQ die Zellen in der Zellinie B-Lymphozyten sind. 

3. Zellinie nach Anspruch 1 , dadurch gekennzelchnet, daB die Zellen in der Zellinie T-Lymphozyten sind. 
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4. Zellinie nach Anspruch 3, dadurch gekennzelchnet, daO die Zellen durch Infektion einer Zalle von der Zellinie 
MOLT-4 abgeleitet sind. 

5. Verfahren zur Herstellung einer Zusammensetzung zum Nachweis eines Anti-HCV-Antikorpers, umfassend: Rei- 
nigen Oder teilweises Reinigen von HCV-Viruspartikeln Oder Polypeptiden aus eine Zellinie nach einem der An- 
sprOche 1 bis 4; und FIxieren der Partlkel Oder Polypeptide an eine teste Phase, 

6. Verfahren nach Anspojch 5, dadurch gokennzelchnet, da8 die HCV-Partikel in einem Detergens solubilisiert wer- 



7. Verfahren nach Anspaich 5 Oder 6, dadurch gekennzelchnet, da5 die Zusammensetzung zum Nachweis von 
Anti-HCV-Antikorpem in einem geeigneten Behalter verpackt ist, um einen Testkit bereitzustellen. 

8. Verfahren zum Durchmustem eines Agens. welches die HCV-Replikation inhibiert. umfassend: 



(a) Bereitstellung einer Zusammensetzung, umfassend ein mogliches antivirales Agens; 

(b) Bereitstellung einer Zellinie, die in der Lage ist. HCVzu repllzieren; 

(c) Bereitstellung einer Zusammensetzung, welche infektioses HCV umfaQt; 

(d) Inkubation der Zusammensetzungen (a) und (c) mit der Zellinie (b) unter Bedingungen, die in Abwesenheit 
von (a) die Infektion der Zellinie und die Replikation von HCV in der Zellinie ermoglichen wurden; und 

(e) Nachweis einer Inhibitron der viralen Replikatwn nach Inkubatkwi in (d), wobei die Zellen in der Zellinie (b) 
B-Lymphozyten Oder T-Lymphozyten sind. 



2S Patentanspruche fur folgende Vertragsstaaten : ES, GR 

1. Verfahren zur Herstellung einer Zusammensetzung zum Nachweis eines Anti-HCV-Antikorpers. umfassend: Rei- 
nigen Oder teilweises Reinigen von HCV-VimspartikeIn oder Polypeptiden aus einer Zellinie, die mit Hepatitis C- 
Virus (HCV) infiziert ist. dadurch gekennzelchnet. daO die Zellen in der Zellinie B-Lymphozyten Oder T-Lympho- 

30 zyten sind und in der Lage sind. HCV zu replizieren; und Fixieren der Partikel oder Polypeptide an einer festen 

Phase. 

2. Verfahren nach Anspruch 1 . dadurch gekennzelchnet. daB die Zellen in der Zellinie B-Lymphozyten sind. 

35 3, Verfahren nach Anspruch 1 , dadurch gekennzelchnet. daB die Zellen in der Zellinie T-Lymphozyten sind. 

4. Verfahren nach Anspruch 3. dadurch gekennzelchnet. daB die Zellen durch Infektion einer Zelle aus der Zellinie 
MOLT-4 abgeleitet sind. 

40 5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzelchnet. daB die HCV-Partikel mit einem Detergens 
solubilisiert werden. 

6. Verfahren nach einem der AnsprOche 1 bis 5. dadurch gekennzelchnet, daB die Zusammensetzung zum Nach- 
weis von Anti-HCV-Antikorpem in einem geeigneten Behaltnis verpackt ist, um einen Testkit bereitzustellen 

45 

7. Verfahren zum Durchmustem eines Agens, welches die HCV-RepIikation inhibiert, umfassend: 



(a) Bereitstellung einer Zusammensetzung, umfassend ein mogliches antivirales Agens; 

(b) Bereitstellung einer Zellinie, die in der Lage ist, HCV zu replizieren; 

(c) Bereitstellung einer Zusammenseteung. welche infektioses HCV umfaBt; 

(d) Inkubation der Zusammensetzungen (a) und (c) mit der Zellinie (b) unter Bedingungen. die in Abwesenheit 
von (a) die Infektion der Zellinie und die Replikation von HCV in der Zellinie ermoglichen wOrden; und 

(e) Nachweis einer Inhibition der viralen Replikatbn nach Inkubatbn in (d). wobei die Zellen in der Zellinie (b) 
B-Lymphozyten oder T-Lymphozyten sind. 



8, Zellinie. infiziert mit Hepatitis C-Virus (HCV), dadurch gekennzelchnet. daB die Zellen in der Zellinie B-Lympho- 
zyten Oder T-Lymphozyten sind und in der Lage sind, HCV zu replizieren. 
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9. Zellinie nach Anspruch 8. dadurch gekennzelehnet. daa die Zellen in der Zellinie B-Lymphozyten sind. 

10. Zellinie nach Anspruch 8. dadurch gekennzelehnet. dal3 die Zellen in der Zellinie T-Lymphozyten sind. 

11. Zellinie nach Anspruch 10. dadurch gekennzeichnet, daS die Zellen durch Infektion einer Zelle aus der Zellinie 
MOLT-4 abgeleitet sind. 



Revendicatlone 



Revendicatlone pour les Etate contractante sulvanta : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, NL, SE 

1. Lignde cellulaire infectde avec le vims de I'hdpatite C (HCV). dans laquelte les cellules dans la lign^e cellulaire 
sont des lymphocytes B ou des lymphocytes T et sont capables de rdpliquer HCV 

2. Lignde cellulaire de la revendication 1 dans laquelle les cellules dans la lignde cellulaire sont des lymphocytes B. 

3. Lign6e cellulaire de la revendication 1 dans laquelle les cellules dans la lignde cellulaire sont des lymphocytes T 

4. Lignde cellulaire de la revendication 3 dans laquelle les cellules sont ddrivdes par infection d'une cellule provenant 
de la lignde cellulaire MOLT-4. 

5. M6thode de preparation rfune composition pour la detection d'un anticorps anti-HCV qui comprend les stapes 
consistant : k purifier ou h purifier de fa^on partielle des particules de virus HCV ou des polypeptides provenant 
d'une lign^e cellulaire selon I'une quelconque des revendicatlone 1 & 4; et ^ fixer lesdites particules ou lesdits 
polypeptkJes sur une phase solide. 

6. M6thode selon la revendicatkjn 5 dans laquelle les partkiules d'HCV sont solubllisdes avec un detergent. 

7. M6thode selon la revendication 5 ou 6 dans laquelle la composition pour la detection d'anticorps anti-HCV est 
conditionnde dans un recipient approprie pour fournir un kit de test. 

8. M6thode pour cribler un agent qui inhibe la replication d'HCV comprenant les 6tapes consistant : 

(a) k fournir une composition comprenant un agent anti-viral putatif ; 

(b) h fournir une lignee cellulaire capable de repliquer HCV ; 

(c) ^ f oumir une compositton comprenant du HCV infectieux ; 

(d) k faire incuber les compositions de (a) et (c) avec la lignee cellulaire de (b) dans des conditions qui. en 
I'absence de (a), permettraient I'infection et la r6pticatk>n de HCV dans la lignee cellulaire ; et 

(e) k detecter une inhibition de la replication virale apr6s i'incubation dans (d), dans laquelle les cellules dans 
la lignee cellulaire de (b) sont des lymphocytes B ou des lymphocytes T 



Revendicatlone pour lee Etate contractante sulvante : ES, GR 

1. Methods de preparation d'une compositton pour la detectton d'un anticorps anti-HCV qui comprend les etapes 
consistant : k purifier ou k purifier de fa9on partielle des particules de vinjs HCV ou des polypeptides provenant 
d'une lignee cellulaire infectee avec le virus de I'hepatite C (HCV). dans laquelle les cellules dans la lignee cellulaire 
sont des lymphocytes B ou des lymphocytes T et sont capables de replication d'HCV; et k fixer lesdites particules 
ou polypeptides sur une phase solide. 

2. Methode de la revendication 1 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes B. 

3. Methods de la revendication 1 dans laquelle les cellules dans la Iign6e cellulaire sont des lymphocytes T. 

4. Methods de la revendication 3, dans laquelle les cellules sont d6rivees par infection d'une cellule provenant de la 
lignee cellulaire MOLT-4. 
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5. M6thode selon I'une quelconque des revendications 1 k 4 dans laquelia les particules d'HCV sont solubilisdes 
avGC un detergent. 

6. M61hode selon I'une quelconque des revendications 1 h 5 dans laquelle la composition pour la detection d'anticorps 
anti-HCV est conditionn6e dans un rdcipient approprid pour foumir un kit do lest. 

7. M6thode pour I'Sge d'un agent qui inhibe la replication d'HCV comprenant les stapes consistant : 

(a) k foumir une composition contenant un agent anti-viral putatif ; 

(b) ^ foumir une lign^e cellulaire capable de replication HCV; 

(c) k foumir une compositbn comprenant HCV infectieux; 

(d) k incuber les compositions de (a) et (c) avec la lign^e cellulaire (b) dans des conditions qui permettraient, 
en I'absence de (a) de permettre I'infection de et la replication de HCV dans la lignee cellulaire; et 

(e) k detecter une inhibition de la replication virale aprds I'incubation dans (d), dans laquelle les cellules dans 
la lignee cellulaire (b) sont des lymphocytes B ou des lymphocytes T 

8. Lignee cellulaire infectee avec le virus de I'hepatito C (HCV). dans laquelle les cellules dans la Iign6e cellulaire 
sont des lymphocytes B ou des lymphocytes T et sont capables de replication d'HCV 

9. Lignee cellulaire de la revendication 8 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes 8. 

10. Lignee cellulaire de la revendication 8 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes T 

1 1 . Lignee cellulaire de la revendication 1 0 dans laquelle fes cellules sont derivees par infection d'une cellule provenant 
de la lignee cellulaire MOLT-4. 
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SEQUENCE OF THE HCV cDNA SENSE STRAND 

(AS DEDUCED FROM OVERLAPPING CLONES bll4a/18g/ 

ag30a/CA205a/CA290a/CA216a/pil4a/CA167b/CA156e/ 

CA84a/CA5ga/K9-l/26j/13i/12f/14i/llb/7f/7e/8h/ 

33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33q/ 
39c/35f/19g/26g/l5e/b5a/16jh) 



CACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAGAA 
AGCGTCTA6CCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCC 
CCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATT 
GCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCTGGAGAT 
TTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGGGTCGCGAAAG 
GCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAG-300 

(Putative initiator methionine codon) 
I 

GTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAAAAAAAA 

CAAAC6TAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGG 

TCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGG 

TGTGCGCGCGACGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACG 

TCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCC 

CGGGTACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGC-600 

GGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCCCCACAGA 

cccccggcgtaggtcgcgcaatttgggtaaggtcatcgatacccttacgtg 

CGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGG 

aggcgctgccagggccctggcgcatggcgtccgggttctggaagacggcgt 

GAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCT 

GGCCCTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCTACCAAGT-900 

GCGCAArt-CCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAG 

tattgtgtacgaggcggccgatgccatcctgcacactccggggtgcgtccc 
ttgcgttcgtgagggcaacgcctcgaggtgttgggtggcgatgacccctac 
ggtggccaccagggatggcaaactccccgcgacgcagcttcgacgtcacat 

CGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGA 

CCTATGCGGGTCTGTCTTTCTTGTCGGCCAACTGTTCACCTTCTC-1200 

TCCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGG 

CCATATAACGGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCC 

TACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATCCCACAAGCCATCTT 

GGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGTATTT 

CTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGC 

CG6CGTCGACGCGGAAACCCACGTCACCGGGGGAAGTGCCGGCCA-1500 

CACTGTGTCTGGATTTGTTAGCCTCCTCGCACCAGGCGCCAAGCAGAACGT 

CCAGCTGATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAA 

CTGCAATGATAGCCTCAACACCGGCTGGTTGGCAGGGCTTTTCTATCACCA 

CAAGTTCAACTCTTCAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCT 

TACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGG 

CCCCGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTG-1800 

FIG. I -I 
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CGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCACTCC 

CAGCCCCGTGGT6GTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACA6 

CTGGGGTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACC 

GCTGGGCAATTGGTTCGGTTGTACCTGGATGAACrrCAACTGGATTCACCAA 

AGT6TGCGGAGCGCCTCCTTGTGTCATCGGAGGGGCGGGCAACAACACCCT 

GCACTGCCCCACTGATTGCTTCCGCAAGCATCCGGACGCCACATA-2100 

CTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGT6CCTGGTCGACTA 

CCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAA 

AATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCAA 

CTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCT 

CAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTT 

CACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCA-2 400 

GAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCGCGTC 

CTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGA 

CGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGA 

GGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGAC 

GCACGGTCTTGTATCCTTCCTCGTGTTCTTCrGCriTTGaVTGGTATTTGAA 

GGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTG-2700 

GCCTCTCCTCCTGCTCCTGTT6GCGTTGCCCCAGCGGGCGTACGCGCTGGA 

CACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGC 

GCTGACTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTG 

GCITCAGTATTTTCTGACCA6AGTGGAAGCGCAACTGCACGTGTGGATTCC 

CCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGC 

TGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGC-3000 

CGTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTA 

CTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGAT 

GATCGGAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTAC 

TGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAA 

CGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAAT 

GGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGG-3 300 

TGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGATACT 

GCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCC 

CATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCAC 

CAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGT 

GTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTG 

GACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAA-3 600 

GGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGGGCTG 

GCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTC 

GGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCG 

GGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAA 

AGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCAT 

ATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGA-3 900 

CTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCAC 

GGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCT 

CCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGC 

AGCTCAG6GCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACT 

GGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAG 

GACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTC-4 2 00 

FIG. 1-2 
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CACCTACGGCAAGTTCCTT6CCGACGGCGGGTGCTCGGGGGGCGCTTATGA 

CATAATAATTTGTGACGAGTGCCACTCCACGGATGCCa^CATCCATCTTGGG 

CATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 

GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACAT 

CGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGC 

TATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCTG-4500 

TCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGGG 

CATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGAC 

CA6CGGCGATGTT6TCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 

CGGC6ACTTCGACTCG6TGATAGACTGCAATACGTGTGTCACCCAGACAGT 

CGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCA 

GGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGG--4800 

GAA6CCA6GCATCTACAGATTT6T66CACCGGGGGAGCGCCCCTCCGGCAT 

GTTC6ACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTA 

TGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACAC 

CCOKSGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTT 

TACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAG 

TG6GGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTG- 5100 

C6CTAGGGCTCAA6CCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTT 

GATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACT 

GGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 

CAT6ACATGCATGTC6GCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCT 

CGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTG 

CGTGGTCATAGTGGGC:AGGGTCGTCTTGTCCGGGAAGCCGGCAAT-5400 

CATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTG 

CTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 

caagcagaaggccctcggcctcctgcagaccgcgtcccgtcaggcagaggt 

tatcgcccctgctgtccagaccaactggcaaaaactcgagaccttctgggc 

gaagcatatgtggaacttcatcagtgggatacaatacttggcgggcttgtc 

aacgcrgcctggtaaccccgccattgcttcattgatggcttttac-5700 

agctgctgtcaccagcccactaaccactagccaaaccctcctcttcaacat 

ATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGC 

CTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGG 

GAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGC6GGAGC 

TCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCT 

GGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGT- 6000 

C6GCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCC6GGCGAGGG 

GGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCA 

TGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC 

TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCA 

GTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGA 

CATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTG- 6 300 

GCTAAAA6CTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTG 

CCA6CGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCG 

CTGCCACTGTG6AGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAG 

GATCGTCG6TCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCAT 

TAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACAC 

6TTC6C6CTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAG-6600 

FIG. 1-3 
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GCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTCAA 

ATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGT 

GCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGT 

ATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTACCTTG 

CGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTC 

CCATATAACA6CAGAGGCGGCCGGGCGAAGGTTGGCGAGGG6ATC-69 0 0 

ACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCT 

CAAGGCAACTTGCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGA 

GGCCAACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCA6GGTTGA 

GTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTTGTGGCGGA 

GGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCG 

GAGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAA-72 0 0 

CCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTGTGGT 

CCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCG 

GAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGC 

CGAGCTCGCCACCAGAA6CTTTGGCAGCTCCTCAACTTCCGGCATTACGGG 

CGACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGA 

CTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGA-7500 

GCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGA 

GGCCAACGC6GAGGATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGG 

CGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGC 

ACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTC 

ACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACAGACTGCAAGT 

TCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGC-7800 

GGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCAGCCT 

GACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGT 

CCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGA 

CCTTCTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAA 

CGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCT 

CATCGTGTTCCCCGATCTGGGCGTGCGCGTGTGCGAAAAGATGGC-8100 

TTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTA 

CGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTG 

GAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGA 

CTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAATG 

TTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAG 

GCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTG-8400 

CGGCTATCGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTGGTAA 

CACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCT 

CCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGA 

AAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGC 

TATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGA 

CTTGGAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCA-8700 

CGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCC 

CCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTG 

GCTAGGCAACATAATCATGTTTGCCCCCACACTGTGGGCGAGGATGATACT 

GATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGC 

CCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCT 

ACCTCCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACT-9000 



FIG. 1-4 
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CCACAGTTACTCTCCAGGTGAAATTAATAGGGTGGCCGCATGCCTCAGAAA 
ACTTGGGGTACCGCCCTTGCGAGCTTGGAGACACCGGGCCCGGAGCGTCCG 
CGCTAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATATGTGGCAAGTACCT 
CTTCAACTGGGCAGTAAGAACAAAGCTCAAAC 

FIG. 1-5 
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